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Large t r u s s  beams composed o f  3- t o  5-meter c u b i c  c e l l s  have been proposed f o r  
t h e  Space S t a t i o n  p r i m a r y  s t r u c t u r e .  Understanding o f  t h e  behav io r  o f  t h i s  
c l a s s  o f  t r u s s  beams i n  c o n f i g u r a t i o n s  v a r y i n g  f rom a s i n g l e  s t r a i g h t  beam t o  
a th ree -d imens iona l  network i s  o f  p r ime impor tance i n  o r d e r  t o  gu ide  work on 
Space S t a t i o n  s t r u c t u r a l  development and t o  p r o v i d e  i n t e r f a c e  i n f o r m a t i o n  t o  
o t h e r  subsystems and users.  
I n  an e f f o r t  t o  p r o v i d e  t e c h n i c a l  i n s i g h t  i n t o  t h e  s t r u c t u r a l  b e h a v i o r  o f  such 
t r u s s  beams, a research  program was i n i t i a t e d  t o  o b t a i n  q u a n t i t a t i v e  eva lua-  
t i o n s  o f  t h e  s t r u c t u r a l  loads ,  s t i f f n e s s  and d e f l e c t i o n s  due t o  expected 
manu fac tu r ing ,  t e s t i n g ,  assembly and o p e r a t i o n a l  i n f l u e n c e s .  A secondary 
o b j e c t i v e  o f  t h e  i n v e s t i g a t i o n  was t o  eva lua te  t h e  use o f  pe rsona l  computers, 
wh ich  have become u n i v e r s a l l y  a v a i l a b l e  t o  a n a l y s t s ,  f o r  p e r f o r m i n g  t h e  needed 
ana lyses  o f  many-element t r u s s  s t r u c t u r e s .  Repor ted h e r e i n  a r e  t h e  r e s u l t s  o f  
t h i s  research  program. 
The research  began w i t h  t h e  d e f i n i t i o n  o f  t h e  geometry and s t r u c t u r a l  p roper -  
t i e s  o f  a cand ida te  space s t a t i o n .  A f i n i t e  element computer model o f  t h i s  
s t r u c t u r e  was then  ana lyzed f o r  severa l  d e t e r m i n i s t i c  1 oads i n tended  t o  p r o -  
v i d e  i n s i g h t  i n t o  t h e  n a t u r e  o f  t h e  s t r u c t u r a l  behav io r  d u r i n g  some w o r s t  case 
the rma l  g r a d i e n t s  and some d e f l e c t i o n s  and loads  d u r i n g  assembly. These a n a l -  
yses were per fo rmed by u s i n g  a f i n i t e  element a n a l y s i s  program c a l l e d  
MSC/pal 2*, wh ich  i s  a v a i l a b l e  f o r  b o t h  PC-type and Mac in tosh  persona l  
computers. These r e s u l t s  a r e  r e p o r t e d  i n  Sec t i ons  2 and 3. 
To i n v e s t i g a t e  t h e  i n f l u e n c e s  o f  manu fac tu r ing  i m p e r f e c t i o n s ,  seve ra l  s t u d i e s  
were per formed.  I n  s e c t i o n  4 ,  a l i t e r a t u r e  rev iew  on random f a b r i c a t i o n  
e r r o r s  i s  repo r ted .  A f t e r  examinat ion  o f  t h e  p u b l i s h e d  r e s u l t s  on t h e  v a r i o u s  
~~ 
*A t rademark o f  t h e  MacNeal-Schwendler Corpo ra t i on .  
1 
I 
sources o f  random e r r o r s  and t h e  advantages and d isadvantages  o f  v a r i o u s  meth- 
ods o f  a n a l y s i s ,  i t  was dec ided  t o  i n v e s t i g a t e  t h e  i n f l u e n c e s  o f  random member 
l e n g t h s  by u s i n g  Monte C a r l o  a n a l y s i s .  
I Repor ted i n  S e c t i o n  5 a r e  t h e  r e s u l t s  o f  an i n v e s t i g a t i o n  i n t o  t h e  s u i t a b i l i t y  
o f  t h r e e  popu la r  a l g o r i t h m s  f o r  t h e  g e n e r a t i o n  o f  random numbers. O f  p a r t i c u -  
l a r  i n t e r e s t  i s  t h e  a b i l i t y  t o  genera te  l o n g  sequences o f  u n c o r r e l a t e d  Gaus- 
s i a n  d e v i a t e s ,  s i n c e  nonzero a u t o c o r r e l a t i o n s  c o u l d  cause cumu la t i ve  e f f e c t s  
i n  t r u s s  s t r u c t u r e s .  The a l g o r i t h m s  a r e  compared and ranked based on c h i -  
square goodness -o f - f i t  t e s t s  f o r  p r o b a b i l i t y  d e n s i t y  and extreme va lue  
s t a t i s t i c s .  
The a p p l i c a t i o n  o f  MSC/pal 2 t o  t h e  d e t e r m i n a t i o n  o f  s t r e s s e s  and d e f l e c t i o n  
f o r  random member l e n g t h s  i s  desc r ibed  i n  S e c t i o n  6. 
The r e s u l t s  o f  ana lyses  o f  t h e  cand ida te  s t r u c t u r e  under t h e  i n f l u e n c e  o f  ran-  
dom member l e n g t h  i m p e r f e c t i o n s  i s  p resen ted  i n  S e c t i o n  7. Examples a r e  p r e -  
sented  wh ich  i l l u s t r a t e  t h e  n a t u r e  and magni tude o f  t h e  i n f l u e n c e s  o f  random 
i m p e r f e c t i o n s  on (1) cumu la t i ve  e r r o r s  i n  geometry d u r i n g  assembly, ( 2 )  r e s i -  
dua l  s t r e s s e s  i n  s t r u c t u r a l  members, and (3 )  m isa l i gnmen t  o f  r e f e r e n c e  p lanes  
~ a t  v a r i o u s  l o c a t i o n s  i n  t h e  s t r u c t u r e  which may serve  as sensor l o c a t i o n s  f o r  
gu idance and c o n t r o l .  
I 
I 
I n  o r d e r  t o  manage t h e  l a r g e  amount of computat ions r e q u i r e d  f o r  p e r f o r m i n g  
t h e  Monte C a r l o  ana lyses ,  programs w e r e  w r i t t e n  f o r  g e n e r a t i n g  i n p u t s  t o  
MSC/pal 2 and s t o r i n g  t h e  o u t p u t s  i n  compact form. The compact o u t p u t  f i l e s  
f o r  d e f l e c t i o n s  and s t r e s s e s  can then  be examined and ana lyzed w i t h  ano the r  
computer program. These programs and t h e i r  use a r e  d e s c r i b e d  i n  S e c t i o n  8. 
The necessary s tep-by-s tep  procedures a r e  descr ibed.  L i s t i n g s  o f  t h e  C source 
code for t h e  seve ra l  programs a r e  presented  i n  an appendix  t o  t h e  r e p o r t .  
2 
SECTION 2 
GEOMETRY AND MATERIAL PROPERTIES OF A 
CANDIDATE SPACE STATION TRUSS 
Shown i n  F i g u r e s  1 th rough  4 i s  t h e  o v e r a l l  geometry o f  a c u r r e n t  cand ida te  
f o r  t h e  Space S t a t i o n  p r i m a r y  s t r u c t u r e .  Only  t h a t  p o r t i o n  o f  t h e  s t r u c t u r e  
i n b o a r d  o f  t h e  "Alpha"  j o i n t s  i s  shown and considered.  As shown i n  the  
f i g u r e s ,  t h e  s t r u c t u r e  i s  b u i l t  up f rom c u b i c  t r u s s  c e l l s .  Fo r  purposes o f  
q u a n t i t a t i v e  a n a l y s i s ,  each bay i n  t h e  t r u s s  i s  assumed t o  have a d imension o f  
200 inches  (5.08 m ) .  Thus, t h e  c e n t r a l  t ransve rse  beam, wh ich  has 15 bays, 
has a t o t a l  l e n g t h  o f  3,000 inches  (76.2 m). The two l o n g e r  beams i n  t h e  
c l o s e d  r i n g  s t r u c t u r e  each c o n t a i n  a t o t a l  o f  21  bays f o r  a t o t a l  l e n g t h  o f  
4,100 inches  (106.68 m). 
The t r u s s  members a r e  assumed t o  be tubes w i t h  an e f f e c t i v e  EA o f  10.97 x 
l o 6  l b  (48.8 x l o 6  N).  T h i s  e f f e c t i v e  EA may be o b t a i n e d  f rom many d i f f e r e n t  
combina t ions  o f  t ube  c ross  s e c t i o n a l  a rea  and modulus o f  e l a s t i c i t y .  For  
example, t h e  case o f  a tube w i t h  o u t e r  d iameter  o f  2 inches  (0.0508 mete rs )  
and a w a l l  t h i c k n e s s  o f  0.060 i n c h  (1.52 mm) leads  t o  a c r o s s - s e c t i o n  area  o f  
A = 0.36568 i n 2  (2.359 x When used i n  combina t ion  w i t h  a m a t e r i a l  
modulus o f  E 30 x 1061b/ in2  (206.8 x l o 9  N/m2),  t h e  c ross  s e c t i o n  j u s t  




STRUCTURAL BEHAVIOR OF CANDIDATE TRUSS MODEL 
FOR SOME EXAMPLE DETERMINISTIC LOADS 
C u r r e n t  p l a n s  f o r  t h e  c o n s t r u c t i o n  o f  t h e  Space S t a t i o n  p r i m a r y  s t r u c t u r e  
e n v i s i o n  o n - o r b i t  e r e c t i o n  f rom components. S ince  t h e  s t r u c t u r e  as shown i n  
F i g u r e s  1 th rough  4 i s  s t a t i c a l l y  i nde te rm inan t ,  t h e r e  may be mismatches du r -  
i n g  assembly t h a t  r e q u i r e  l a r g e  f o r c e s  t o  remedy. One i l l u s t r a t i o n  o f  t h i s  
e f f e c t  i s  p r o v i d e d  by c o n s i d e r i n g  t h e  mismatch d e f l e c t i o n s  wh ich  m i g h t  occur  
a t  one c o r n e r  o f  t h e  r i n g  s t r u c t u r e  d u r i n g  f i n a l  assembly. I n  p a r t i c u l a r ,  
i n a c c u r a c i e s  i n  member l e n g t h s  due, f o r  example, t o  thermal  s t r a i n s  and /o r  
i n i t i a l  member l e n g t h  e r r o r s ,  may accumulate as members a r e  added around t h e  
r i n g  so t h a t  a t tempts  t o  c l o s e  t h e  r i n g  d u r i n g  f i n a l  assembly may r e q u i r e  s i g -  
n i f i c a n t  e x t e r n a l  f o r c e  t o  e l i m i n a t e  mismatch d e f l e c t i o n s  i n  a d j o i n i n g  
members. The e f f e c t i v e  s t r u c t u r a l  s t i f f n e s s  o f  t h e  complete b u t  open- r ing  
s t r u c t u r e  i s  o f  e n g i n e e r i n g  i n t e r e s t  i n  d e c i d i n g  whether  t h e  f i n a l  assembly 
o p e r a t i o n s  can be accompl ished by t h e  As t ronau ts  a lone ,  o r  whether  some e x t e r -  
n a l  d e v i c e  and power source may be requ i red .  O f  s i m i l a r  i n t e r e s t  a r e  e s t i -  
mates o f  t h e  magni tude o f  wors t -case mismatch d e f l e c t i o n s  due t o  thermal  
s t r a i n s .  Es t ima tes  o f  these e f f e c t s  a r e  r e p o r t e d  i n  t h i s  s e c t i o n .  
3.1 OPEN-RING TRUSS MODEL 
I n  o r d e r  t o  p r o v i d e  q u a n t i t a t i v e  e v a l u a t i o n s  o f  t h e  e f f e c t s  ment ioned above, a 
f i n i t e  e lement  model o f  t h e  t r u s s  shown i n  F i g u r e s  1 th rough  4 ,  b u t  i n c l u d i n g  
no s t r u c t u r a l  connec t ion  a t  t h e  upper l e f t  c o r n e r  o f  t h e  r i n g ,  was con- 
s t r u c t e d .  T h i s  model i s  h e r e i n a f t e r  r e f e r r e d  t o  as t h e  open- r ing  t r u s s  model. 
The open- r i ng  model was formed f r o m  t h e  c l o s e d - r i n g  model by  c r e a t i n g  a d u p l i -  
c a t e  s e t  o f  nodes a t  t h e  p lane  o f  separa t i on .  One s e t  o f  f o u r  nodes i s  
a t t a c h e d  t o  s t r u c t u r a l  members on t h e  l e f t  s i d e  o f  t h e  s e p a r a t i o n  p lane,  and 
t h e  o t h e r  s e t  o f  f o u r  nodes t o  members on t h e  o p p o s i t e  s ide .  Severa l  members 
l i e  i n  t h e  p lane  o f  separa t i on .  To model these members, a d u p l i c a t e  s e t  o f  
such members was c rea ted ,  and t h e  EA o f  each s e t  was d i v i d e d  by a f a c t o r  o f  2. 
One s e t  o f  those members was a t t a c h e d  t o  t h e  nodes on t h e  l e f t  s i d e  o f  t h e  
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p l a n e  o f  separa t i on ,  w h i l e  t h e  o t h e r  s e t  was a t t a c h e d  t o  nodes on t h e  o p p o s i t e  
s ide .  The r e s u l t i n g  open- r ing  s t r u c t u r e  has i d e n t i c a l  s t r u c t u r a l  behav io r  t o  
the  c l o s e d - r i n g  s t r u c t u r e  when t h e  d u p l i c a t e  nodes a r e  c o n s t r a i n e d  t o  move 
t o g e t h e r .  The geometry o f  t h e  open- r i ng  t r u s s  model may be e a s i l y  v i s u a l i z e d  
i n  F i g u r e  5, wh ich  shows t h e  d e f l e c t i o n s  caused by a wors t -case thermal  s t r a i n  
c o n f i g u r a t i o n  d e s c r i b e d  l a t e r .  
K-' = 
3.1.1 S t i f f n e s s  o f  t h e  Open-Ring Truss Model 
I n  o r d e r  t o  o b t a i n  a q u a n t i t a t i v e  e s t i m a t e  o f  t h e  s t i f f n e s s  o f  t h e  open- r ing  
t r u s s  model as seen by, f o r  example, an As t ronau t  t r y i n g  t o  c l o s e  t h e  r i n g  
d u r i n g  f i n a l  assembly, a f i n i t e  element a n a l y s i s  o f  t h e  open- r ing  model was 
performed. The boundary c o n d i t i o n s  used i n  t h e  a n a l y s i s  c o n s i s t e d  o f  a s e t  o f  
s i x  s t a t i c a l l y - d e t e r m i n a n t  d isp lacement  c o n s t r a i n t s  a p p l i e d  a t  t h r e e  nodes on 
t h e  p l a n e  o f  s e p a r a t i o n  r e f e r r e d  t o  p r e v i o u s l y .  The d e f l e c t i o n s  r e s u l t i n g  
f r o m  t h e  a p p l i c a t i o n  o f  u n i t  l oads  i n  t h e  m u t u a l l y  o r thogona l  c o o r d i n a t e  
d i r e c t i o n s  were then  o b t a i n e d  by  computer a n a l y s i s .  The u n i t  l oads  were 
a p p l i e d  e q u a l l y  t o  t h e  f o u r  d u p l i c a t e  nodes ac ross  t h e  p l a n e  o f  s e p a r a t i o n  
f r o m  t h e  d isp lacement  c o n s t r a i n e d  nodes. The averaged d e f l e c t i o n s  o f  t h e  f o u r  
d u p l i c a t e  nodes were recorded. 
(0.010872 m/N) (0.11322 m/N) (0.050238 mm/N) 
0.004513 i n / l b  0.008798 i n / l b  0.016498 i n / l b  
(0.025770 mm/N) (0.050238 m/N) (0.094206 mm/N) 
Based on t h e  a n a l y s i s  j u s t  descr ibed,  a q u a n t i t a t i v e  e s t i m a t e  o f  t h e  s t i f f n e s s  
and f l e x i b i l i t y  m a t r i c e s  was ob ta ined.  I n  p a r t i c u l a r ,  t h e  f l e x i b i l i t y  m a t r i x  
was found t o  be 
0.088448 i n / l b  0.001904 
0.001904 i n / l b  0.019828 
(0.50505 m/N) (0.010872 
1 
5 
and t h e  cor respond ing  s t  
11.468 
(2.0084 I 
- K - 
f f n e s s  m a t r i x  i s  
0.38087 l b / i n  66.079 l b / i n  
(0.066701 N/m) (11.572 N/m) 
-3.3402 l b / i n  -35.343 l b / i n  
(-0.58496 N/m) (-6.1895 N/m) 
b / i n  0.38087 l b / i n  
N /mm) (0.066701 N/m) 
-3.3402 l b / i n  
-35.343 l b / i n  




The r e s u l t s  i n d i c a t e  t h a t  i f  t h e  t o t a l  geomet r ic  mismatch a t  t h e  p lane  o f  sep- 
a r a t i o n  does n o t  exceed about  one i n c h  (0.0254 m ) ,  a f o r c e  o f  about  100 pounds 
(445 N )  shou ld  be adequate t o  c l o s e  t h e  r i n g  d u r i n g  f i n a l  assembly. 
Es t ima tes  o f  t h e  magni tude o f  t h e  mismatch t o  be be expected under v a r i o u s  
c o n d i t i o n s  a r e  r e p o r t e d  l a t e r  i n  t h i s  r e p o r t .  
3.2 WORST-CASE DEFLECTIONS TO SOME EXAMPLE THERMAL GRADIENTS 
3.2.1 Case 1: U n i f o r m  Shor ten ing  o f  Outboard Longerons Around t h e  Per ime te r  
Temperature v a r i a t i o n s  d u r i n g  assembly and o p e r a t i o n  o f  t h e  Space S t a t i o n  w i l l  
cause changes i n  member l eng ths ,  and consequent thermal  d e f l e c t i o n s  and t h e r -  
mal s t r e s s e s  i n  members. Accura te  q u a n t i t a t i v e  a n a l y s i s  o f  these e f f e c t s  
depends on a d e t a i l e d  knowledge o f  t h e  temperature d i s t r i b u t i o n  th roughou t  t h e  
t r u s s .  The tempera ture  d i s t r i b u t i o n  o f t e n  takes  t h e  f o r m  o f  a complex p a t t e r n  
due t o  shading o f  p o r t i o n s  o f  members by  o t h e r s ,  o r  p a r t i a l  shadowing o f  t h e  
t r u s s  by t h e  e a r t h ,  moon o r  o t h e r  s a t e l l i t e s .  
o f  t h e  Open Ring 
F o r  purposes o f  wors t -case e v a l u a t i o n  o f  thermal  e f f e c t s  on mismatch d e f l e c -  
t i o n s  o f  t h e  open r i n g ,  an a n a l y s i s  o f  t h e  s p e c i a l  case where a l l  ou tboard  
longerons  undergo a u n i f o r m  s h o r t e n i n g  e q u i v a l e n t  t o  a compressive s t r a i n  of 
c = -1 x was performed. (Wh i le  such a p a t t e r n  o f  thermal  s t r a i n s  i s  
u n l i k e l y  t o  occur ,  i t  c l e a r l y  leads  t o  a maximum o f  mismatch d e f l e c t i o n s  i n  
t h e  open r i n g . )  The longeron s t r a i n  v a r i a t i o n  E: i s  t h e  r e s u l t  o f  a combina- 
t i o n  o f  c o e f f i c i e n t  o f  thermal  expansion and change i n  temperature.  F o r  
example, a c o e f f i c i e n t  o f  a = -0.3 x 10-6/oF (-0.54 x 10-6/oC) ,  which i s  t y p i -  
c 
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c a l  o f  c a r e f u l  l y  t a i l o r e d  g raph i  te-epoxy m a t e r i a l ,  t o g e t h e r  w i t h  a change i n  
tempera ture  o f  AT = 33.3OF (18.5"C) r e s u l t s  i n  a t o t a l  compressive s t r a i n  o f  
€ = - 1 X 1 0  . -5 
I t  shou ld  a l s o  be no ted  t h a t  t h e  compressive longeron s t r a i n  c o u l d  e q u a l l y  
w e l l  have r e s u l t e d  f rom manu fac tu r ing  e r r o r  r a t h e r  than thermal  s t r a i n .  A 
l ongeron  o f  nominal l e n g t h  o f  200 inches  (5.08 m) wh ich  i s  f a b r i c a t e d  t o o  
s h o r t  by an amount 0.002 inches  (0.0508 mn) r e s u l t s  i n  an e f f e c t i v e  compres- 
s i v e  s t r a i n  o f  E: = -1 x IO? 
The d e f l e c t i o n s  r e s u l t i n g  f r o m  t h e  u n i f o r m  s h o r t e n i n g  o f  ou tboard  longerons  
a r e  shown ( a t  an exaggerated s c a l e )  i n  F igu res  5 and 6. The boundary cond i -  
t i o n s  a r e  t h e  same as those used t o  de termine  t h e  s t i f f n e s s  o f  t h e  open- r ing  
t r u s s  model. The average mismatch d e f l e c t i o n s  a t  t h e  p lane  o f  s e p a r a t i o n  were 
found t o  be 0.048148 inches  (1.223 mn) i n  t h e  x - d i r e c t i o n ,  0.29464 inches  
(7.484 mn) i n  t h e  y - d i r e c t i o n ,  and 0.22757 inches  (5.780 mm) i n  t h e  
z - d i r e c t i o n .  The v e c t o r  sum o f  these d e f l e c t i o n s  has t o t a l  magni tude o f  0.375 
inches  (9.53 mn). 
3.2.2 Case 2: U n i f o r m  Shor ten ing  o f  Longerons i n  One Face P a r a l l e l  t o  t h e  
The mismatch d e f l e c t i o n s  produced by a u n i f o r m  s h o r t e n i n g  o f  a l l  longerons  i n  
a face  p a r a l l e l  t o  t h e  Y-Z p lane  was a l s o  analyzed. The boundary c o n d i t i o n s  
were t h e  same as those used t o  de termine t h e  s t i f f n e s s  o f  t h e  open- r i ng  t r u s s  
model. I n  t h i s  case, t h e  d e f l e c t i o n s  a r e  shown ( a t  an exaggerated s c a l e )  i n  
F i g u r e s  7 and 8. The average mismatch d e f l e c t i o n s  a t  t h e  p l a n e  o f  s e p a r a t i o n  
i n  t h i s  case were found t o  be 0.0020 inches  (0.05 mm) i n  t h e  x - d i r e c t i o n ,  
0.0004 inches  (0.01 mn) i n  t h e  y - d i r e c t i o n ,  and 0.0021 inches  (0.05 mm) i n  t h e  
z - d i r e c t i o n .  The v e c t o r  sum o f  these d e f l e c t i o n s  has t o t a l  magni tude o f  
0.003 inches  (0.08 mm). 
Y-Z P lane 
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SECTION 4 
RANDOM FABRICATION ERRORS I N  TRUSS STRUCTURES: 
A LITERATURE REVIEW 
4 .1  SCOPE AND OBJECTIVES 
A comprehensive r e v i e w  o f  t e c h n i c a l  l i t e r a t u r e  r e l a t i n g  t o  t h e  l oads  and 
d e f l e c t i o n s  o f  t r u s s  s t r u c t u r e s  caused by  random f a b r i c a t i o n  e r r o r s  was 
performed. The E n g i n e e r i n g  Index  and t h e  I n t e r n a t i o n a l  Aerospace A b s t r a c t s  
were searched f o r  t h e  y e a r s  1980 through986. Severa l  key words were used i n  
t h e  search, i n c l u d i n g  random e r r o r s ,  antennas, r e f l e c t o r s ,  t r u s s e s ,  s t r u c -  
t u r e s ,  and o t h e r s ,  b o t h  s e p a r a t e l y  and i n  combinat ion.  
The o b j e c t i v e s  o f  t h e  search were t o  i d e n t i f y  p u b l i c a t i o n s  and v a r i o u s  con- 
t e x t s  i n  wh ich  random f a b r i c a t i o n  e r r o r s  have been i n v e s t i g a t e d  as t h e y  r e l a t e  
t o  l oads  and d e f l e c t i o n s  i n  t r u s s  s t r u c t u r e s ,  i n  such f i e l d s  as antenna 
s t r u c t u r e s ,  space p l a t f o r m  s t r u c t u r e s ,  and o t h e r s  i n  aerospace e n g i n e e r i n g  and 
i n  ground-based s t r u c t u r e s  i n  c i v i l  eng inee r ing .  O f  m a j o r  concern was t h e  
i d e n t i f i c a t i o n  o f  d i f f e r e n t  methods o f  a n a l y s i s  o f  random e r r o r s ,  i n  o r d e r  t o  
g u i d e  t h e  ongoing i n v e s t i g a t i o n s  o f  s t r u c t u r a l  b e h a v i o r  o f  c a n d i d a t e  Space 
S t a t i o n  s t r u c t u r e s  a t  A s t r o  Aerospace Corpo ra t i on .  
4.2  REVIEW OF INDIVIDUAL TECHNICAL PAPERS 
a )  "Ach ievab le  F l a t n e s s  i n  a Large Microwave Power Antenna Study,"  (General 
Dynamics, Conva i r )  NASA CR-151831, August 1978. 
Random member l e n g t h  e r r o r s  i n  a l a r g e  f l a t  t r u s s  s t r u c t u r e  a r e  
t r e a t e d  by Monte C a r l o  methods i n  t h i s  p u b l i c a t i o n .  R e s u l t s  a r e  p r e -  
sented i n d i c a t i n g  t h e  e f f e c t s  o f  random t r u s s  member l e n g t h s  on t h e  
a c h i e v a b l e  f l a t n e s s  o f  t h e  power antenna suppor t  s t r u c t u r e .  
b )  Hedgepeth, J.M., " E f f e c t  o f  I m p e r f e c t i o n s  on S t r a i g h t n e s s  o f  Space 
S t r u c t u r e s , "  A s t r o  Research C o r p o r a t i o n ,  C a r p i n t e r i a ,  CA, ARC-TN-1068, 
27 October 1978. 
Random member l e n g t h  e r r o r s  i n  a l a t t i c e  beam s t r u c t u r e  o f  f i n i t e  
l e n g t h  a r e  t r e a t e d  i n  t h i s  p u b l i c a t i o n .  Closed form r e s u l t s  f o r  mean 
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square l a t e r a l  d e f l e c t i o n s  a r e  presented  f o r  independent  zero-mean 
normal member l e n g t h  i m p e r f e c t i o n s .  Opt imal  bay- length- to-beam depth  
r a t i o  necessary t o  m in im ize  i m p e r f e c t i o n  s e n s i t i v i t y  i s  i d e n t i f i e d .  
c )  Hedgepeth, J.M., and M i l l e r ,  R.R., " E f f e c t  o f  Member Length I m p e r f e c t i o n s  
on t h e  Deformat ions  and Loads i n  an I s o g r i d - T r u s s  S t r u c t u r e , "  A s t r o  
Research C o r p o r a t i o n ,  C a r p i n t e r i a ,  CA, ARC-R-1012, 1 A p r i l  1980. 
Random member l e n g t h  e r r o r s  i n  a f l a t  and a s p h e r i c a l l y  curved e q u i -  
l a t e r a l  t r i a n g u l a r  g r i d  s t r u c t u r e  o f  i n f i n i t e  d imensions a r e  t r e a t e d  
i n  t h i s  p u b l i c a t i o n .  I n  p a r t i c u l a r ,  c losed  fo rm exp ress ions  f o r  t h e  
mean square loads  and d e f l e c t i o n s  caused by independent  zero-mean n o r -  
mal member l e n g t h  i m p e r f e c t i o n s  a r e  p resen ted  w i t h  t h e  a i d  o f  t h e  
M e l l i n  t rans form.  (The r e s u l t s  i n  t h i s  p u b l i c a t i o n  a r e  t h e  e x t e n s i o n  
t o  two d imensions o f  t h e  r e s u l t s  p resen ted  i n  t h e  p r e v i o u s  
p u b l i c a t i o n . )  
d )  Wang, S.H.; Yao, J.T.P; and Chen, W.F., " S e r v i c e a b i l i t y  and R e l i a b i l i t y  o f  
Antenna S t r u c t u r e s  - P a r t  1: Theory," Purdue U n i v e r s i t y ,  School of C i v i l  
Eng ineer ing ,  Repor t  No. CE-STR-81-25, August 1981; and 
Wang, S.H.; Yao, J.T.P; and Chen, W.F., " S e r v i c e a b i l i t y  and R e l i a b i l i t y  o f  
Antenna S t r u c t u r e s  - P a r t  2: A p p l i c a t i o n , "  Purdue U n i v e r s i t y ,  School o f  C i v i l  
Eng ineer ing ,  Repor t  No. CE-STR-82-9, February  1982. 
The e f f e c t s  o f  random member l e n g t h s ,  as w e l l  as random wind  loads ,  
p o i n t i n g  d i r e c t i o n  i n  a g r a v i t a t i o n a l  f i e l d ,  m a t e r i a l  p r o p e r t i e s ,  and 
member c r o s s - s e c t i o n a l  d imensions on t h e  s u r f a c e  accuracy  o f  ground- 
based antenna s t r u c t u r e s  a r e  i n v e s t i g a t e d  i n  these two p u b l i c a t i o n s .  
I n  P a r t  1, a mathemat ica l  model f o r  t h e  s u p p o r t i n g  t r u s s  s t r u c t u r e  i s  
proposed, and d e f i n i t i o n s  a r e  p r o v i d e d  f o r  r e l i a b i l i t y  i n  terms o f  
smal lness  o f  RMS depar tu res  f r o m  t h e  d e s i r e d  s u r f a c e  shape. Three 
methods o f  a n a l y s i s  a r e  p resented ,  i n c l u d i n g  (1) f i r s t - o r d e r ,  second- 
moment a n a l y t i c a l  approach; (2)  "advanced" f i r s t - o r d e r ,  second-moment 
a n a l y t i c a l  approach; and (3)  Monte C a r l o  s i m u l a t i o n .  
I n  P a r t  2, a l l  t h r e e  methods o f  a n a l y s i s  o u t l i n e d  i n  P a r t  1 a r e  
a p p l i e d  t o  t w o  example antenna s t r u c t u r e s ,  and numer ica l  r e s u l t s  a r e  
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presented.  I t  i s  shown t h a t  t h e  most i m p o r t a n t  source o f  s u r f a c e  
e r r o r  i s  t h e  random l e n g t h  o f  t r u s s  members. I n  a d d i t i o n ,  an 
op t ima l  i t y  approach f o r  d e t e r m i n i n g  t h e  b e s t  d i s t r i b u t i o n  o f  member- 
l e n g t h  t o l e r a n c e s  th roughout  t h e  s t r u c t u r e  i s  proposed. 
e)  Hedgepeth, J.M., " I n f l u e n c e  o f  F a b r i c a t i o n  To le rances  on t h e  Sur face  
Accuracy o f  Large Antenna S t r u c t u r e s , "  A I A A  J o u r n a l ,  Vol. 20, No. 5, 
pp. 680-686, 1982. 
An a n a l y t i c a l  method f o r  de te rm in ing  t h e  e f f e c t  o f  random member 
l e n g t h  e r r o r s  on t h e  RMS s u r f a c e  d i s t o r t i o n s  o f  a genera l  c l a s s  o f  
th ree-d imens iona l  t r u s s  s t r u c t u r e s  i s  presented.  A t t e n t i o n  i s  focused 
on t h e  case where t h e  i m p e r f e c t i o n s  a r e  independent ,  i d e n t i c a l l y  d i s -  
t r i b u t e d  random v a r i a b l e s  w i t h  ze ro  mean. I n  t h i s  case, t h e  mean 
square d i s t o r t i o n  o f  t h e  s u r f a c e  i s  shown t o  be p r o p o r t i o n a l  t o  t h e  
sum o f  t h e  i n v e r s e  square o f  t h e  v i b r a t i o n  f r e q u e n c i e s  o f  t h e  s t r u c -  
t u r e  w i t h  an a p p r o p r i a t e l y  chosen mass d i s t r i b u t i o n .  A p p l i c a t i o n s  t o  
b o t h  f l a t  and d i shed  c e l l u l a r  antenna s t r u c t u r e s  a r e  p r o v i d e d ,  and 
conc lus ions  a r e  drawn about  t h e  i n f l u e n c e  of o v e r a l l  d imension,  l o c a l  
c e l l  s i z e ,  s h e l l  c u r v a t u r e  and depth,  and f a b r i c a t i o n  accuracy  on t h e  
s u r f a c e  d i s t o r t i o n .  
f )  Wang, S . H . ,  and Ragsde l l ,  K.M. ,  "Opt imal  A l l o c a t i o n  o f  Antenna S t r u c t u r a l  
To le rances  Based on R e l i a b i l i t y , "  ASME J. Mechanisms, Transmiss ions ,  and 
Automat ion i n  Design, Vol. 105, pp. 415-424, September 1983. 
The a n a l y s i s  o f  i t e m  ( d )  i n  t h i s  l i s t  o f  i n d i v i d u a l  t e c h n i c a l  papers 
i s  extended t o  i n c l u d e  t h e  op t ima l  a l l o c a t i o n  o f  member l e n g t h  t o l e r -  
ances t o  m e e t  s p e c i f i e d  r e l i a b i l i t y  requ i rements  g i v e n  nominal va lues  
o f  o t h e r  des ign  v a r i a b l e s .  A n o n l i n e a r  programming a l g o r i t h m  i s  
employed, and t h e  r e s u l t s  a r e  a p p l i e d  t o  t h e  two t r u s s  examples o f  
i tem ( d ) .  The f i  r s t - o r d e r  second-moment a n a l y t i c a l  approach i s  used 
t o  model t h e  random member l e n g t h  e r r o r s .  
g)  Green, W i l l i a m  H., " E f f e c t s  o f  Random Member Length E r r o r s  on t h e  Accuracy 
and I n t e r n a l  Loads o f  Truss Antennas," J .  Spacec ra f t ,  Vol. 22, No. 5, 
pp. 554-559, October  1985. 
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The e f f e c t s  o f  random member l e n g t h  e r r o r s  on t h e  s u r f a c e  accuracy,  
defocus,  and r e s i d u a l  i n t e r n a l  loads  o f  t e t r a h e d r a l  t r u s s  antenna 
r e f l e c t o r s  a r e  s t u d i e d  by  Monte C a r l o  s i m u l a t i o n  methods. Resu l t s  
p resen ted  show t h a t  t h e  number o f  members i n  a t e t r a h e d r a l  t r u s s  
antenna o f  a g i v e n  d iameter  has a s i g n i f i c a n t  e f f e c t  on s u r f a c e  
accuracy,  de focus ,  and i n t e r n a l  loads.  I t  i s  a l s o  shown t h a t  t h e  mem- 
b e r  a x i a l  s t i f f n e s s  and antenna f o c a l  l e n g t h  have a v e r y  smal l  e f f e c t  
on r e f l e c t o r  s u r f a c e  accuracy. 
4.3 SUMMARY AND CONCLUSIONS REGARDING METHODS OF ANALYSIS 
There a r e  two p r i m a r y  approaches i n  use f o r  t h e  a n a l y s i s  o f  random member 
l e n g t h  e r r o r s  i n  t r u s s  s t r u c t u r e s ,  a n a l y t i c a l  methods and Monte C a r l o  s imu la-  
t i o n  methods. Each approach has i t s  advantages and d isadvantages.  
Most a n a l y t i c a l  approaches seek t o  a v o i d  massive numer ica l  s i m u l a t i o n  by mak- 
i n g  use o f  a n a l y t i c a l  r e l a t i o n s  between random i n p u t  v a r i a b l e s  and response 
measures. These r e l a t i o n s  may i n v o l v e  terms r e q u i r i n g  numer ica l  e v a l u a t i o n  
and, t h e r e f o r e ,  need n o t  be c losed- fo rm i n  na ture .  
The most common a n a l y t i c a l  approach then l i n e a r i z e s  t h e  i n p u t - o u t p u t  r e l a t i o n  
about  t h e  ( d e t e r m i n i s t i c )  mean va lue  o f  t h e  i n p u t  v a r i a b l e s ,  by means o f  a 
t r u n c a t e d  T a y l o r  s e r i e s .  A t  t h i s  p o i n t ,  t h e  d e v i a t i o n s  o f  t h e  i n p u t  v a r i a b l e s  
f rom t h e i r  mean va lues  a r e  regarded as smal l  random v a r i a b l e s ,  and f i r s t  and 
second moment s t a t i s t i c s  o f  t h e  response a r e  ob ta ined  by m a n i p u l a t i o n  o f  t h e  
l i n e a r i z e d  T a y l o r  s e r i e s .  ( E v a l u a t i o n  o f  t h e  r e s u l t s  of  t h i s  d e t e r m i n i s t i c  
method o f t e n  r e q u i r e  numer ica l  es t ima tes  o f  t h e  r e q u i r e d  d e r i v a t i v e s  appear ing  
i n  t h e  s e r i e s . )  The p r i m a r y  advantage o f  t h i s  approach i s  i t s  computa t iona l  
e f f i c i e n c y .  However, i t  can r e s u l t  i n  s i g n i f i c a n t l y  e r roneous e s t i m a t e s  o f  
response s t a t i s t i c s  i n  cases where t h e  l i n e a r i z a t i o n s  i n v o l v e d  a r e  n o t  
j u s t i f i e d .  F u r t h e r  d i s c u s s i o n  o f  these l i m i t a t i o n s  i s  p r o v i d e d  i n  i t e m  (d ) .  
Another  somewhat nove l  a n a l y t i c a l  approach i s  based on a d i a g o n a l i z a t i o n  o f  
t h e  s t r a i n  energy o f  t h e  t r u s s  u s i n g  t h e  normal modes o f  a comparison f r e e  
v i b r a t i o n  prob lem f o r  an a p p r o p r i a t e l y  chosen mass d i s t r i b u t i o n .  For  t h e  case 
where a l l  random member l e n g t h  e r r o r s  a r e  independent ,  t h e  r e s u l t s  f o r  t h e  
mean square s u r f a c e  d e f l e c t i o n s  may be expressed as t h e  p r o d u c t  o f  a cons tan t  
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and t h e  sum o f  i n v e r s e  squares of t h e  n a t u r a l  f r e q u e n c i e s  o f  v i b r a t i o n  o f  t h e  
t r u s s .  D e t a i l s  o f  t h e  method a r e  p resen ted  i n  i t e m  (e) .  The advantages of  
t h e  method a r e  t h a t  i t  a v o i d s  d i r e c t  numer ica l  s i m u l a t i o n  and t h a t  i t  lends  
i n s i g h t  i n t o  t h e  n a t u r e  o f  t h e  random e r r o r s .  The d isadvantages a r i s e  f rom 
t h e  n e c e s s i t y  t o  compute a l l  ( o r  a t  l e a s t  a l a r g e  number) of t h e  n a t u r a l  f r e -  
quencies of  v i b r a t i o n  o f  t h e  t r u s s .  
The Monte C a r l o  method, on t h e  o t h e r  hand, i s  v e r y  b a s i c ,  w e l l  known and f l e x -  
i b l e  i n  a p p l i c a t i o n .  However, i t  i s  c o m p u t a t i o n a l l y  i n t e n s i v e  and o f t e n  p r o -  
h i b i t i v e l y  expensive.  Fur thermore,  t h e  accuracy o f  t h e  r e s u l t s  depends on t h e  





VALIDATION OF PSEUDO RANDOM NUMBER GENERATORS 
5.1 INTRODUCTION AND MOTIVATION 
Monte C a r l o  s i m u l a t i o n  i s  a w e l l  known genera l  method f o r  e v a l u a t i o n  o f  proba-  
b i l i s t i c  e f f e c t s  i n  eng ineer ing .  Many a l g o r i t h m s  e x i s t  f o r  t h e  g e n e r a t i o n  o f  
pseudo random numbers, and these a l g o r i t h m s  a r e  f r e q u e n t l y  employed i n  Monte 
C a r l o  s i m u l a t i o n  s t u d i e s .  
When Monte C a r l o  s i m u l a t i o n  r e s u l t s  a r e  used t o  e s t i m a t e  t h e  s t a t i s t i c s  o f  
extreme va lues  o f  system response, t h e  v a l i d i t y  o f  t h e  pseudo random number 
g e n e r a t o r  o u t  i n  t h e  t a i l s  o f  t h e  d i s t r i b u t i o n  i s  o f  p a r t i c u l a r  impor tance.  
F o r  example, i f  t h e  pseudo random numbers c o n t a i n  a s i g n i f i c a n t l y  s m a l l e r  p r o -  
p o r t i o n  o f  v e r y  l a r g e  o r  v e r y  smal l  numbers than  would be expec ted  based on a 
t r u l y  Gaussian d e n s i t y ,  t hen  t h e  occurrence o f  v e r y  l a r g e  o r  v e r y  smal l  num- 
b e r s  i n  t h e  system response may a l s o  be reduced s i g n i f i c a n t l y .  A s  a r e s u l t ,  
i t  i s  l i k e l y  t h a t  s i m u l a t i o n  r e s u l t s  may w e l l  underes t ima te  t h e  l i k e l i h o o d  o f  
extreme va lues  of  response. Hence, ca re  must be taken i n  t h e  s e l e c t i o n  o f  
a p p r o p r i a t e  pseudo random genera tors .  
Presented  i n  t h i s  s e c t i o n  a r e  t h e  r e s u l t s  o f  l i m i t e d  ch i - square  goodness-of- 
f i t  t e s t s  a p p l i e d  t o  t h r e e  w i d e l y  used pseudo random number genera to rs .  The 
genera to rs  each produce pseudo random v a r i a t e s  wh ich  a r e  approx ima te l y  u n i  - 
formly distributed on t h e  i n t e r v a l  f rom ze ro  t o  one. B e f o r e  t e s t ing ,  t h e  
pseudo random v a r i a t e s  a r e  a l l  processed th rough  t h e  same subprogram wh ich  
uses b o t h  power s e r i e s  and asympto t i c  expansion r e p r e s e n t a t i o n s  f o r  t h e  
i n v e r s e  e r r o r  f u n c t i o n  t o  map t h e  pseudo u n i f o r m l y  d i s t r i b u t e d  v a r i a t e s  i n t o  
pseudo Gaussian d i s t r i b u t e d  v a r i a t e s .  Tes ts  a r e  per formed on sequences o f  
pseudo random v a r i a t e s  f o r  accuracy o f  t h e  d e n s i t y  o f  t h e  v a r i a t e s  themselves, 
as w e l l  as  t h e  d e n s i t y  o f  t h e  peak va lue  o f  each sequence. The e f f e c t s  o f  
s t a r t i n g  va lue  (seed number) and l e n g t h  o f  sequence a r e  i n v e s t i g a t e d  t o  a l i m -  
t i o n  s t u d i e s  i s  made based on q u a n t i t a t i v e  r e s u l t s .  
# i t e d  e x t e n t ,  and a s e l e c t i o n  o f  one genera to r  f o r  use i n  Monte C a r l o  s imu la-  
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I t  i s  no tewor thy  t h a t  p r e v i o u s  i n v e s t i g a t i o n s  o f  t h e  e f f e c t s  o f  random member 
i m p e r f e c t i o n s  on t h e  response and behav io r  o f  l a r g e  s t r u c t u r e s  have no ted  a 
s e n s i t i v i t y  t o  smal l  c o r r e l a t i o n s  i n  l o n g  sequences o f  random i m p e r f e c t i o n  
q u a n t i t i e s .  Such c o r r e l a t i o n s  can cause s u b s t a n t i a l  a m p l i f i c a t i o n  o f  cumula- 
t i v e  d e f l e c t i o n s  and r o t a t i o n s  i n  t h e  o v e r a l l  s t r u c t u r e ,  p a r t i c u l a r l y  f o r  
beam- l i ke  o r  one-d imensional  s t r u c t u r e s .  Concern ove r  c o r r e l a t i o n - i n d u c e d  
e f f e c t s  f o r  t h e  p a r t i c u l a r  c l a s s  o f  random number genera to rs  cons idered h e r e i n  
i s  d im in i shed ,  however, by  t h e  a v a i l a b i l i t y  o f  t h e o r e m s [ l ] *  which p r o v i d e  t h e  
l e a s t  p e r i o d  o f  t h e  sequence o f  v a r i a t e s .  Thus, i t  i s  p o s s i b l e  t o  choose a 
genera to r  and s t a r t i n g  va lue  a p p r o p r i a t e l y  such t h a t  t h e  sequence genera ted  i s  
guaranteed n o t  t o  c o n t a i n  any repeated  va lues.  (Note t h a t  i f  a va lue  e v e r  
r e c u r s ,  t hen  a l l  succeeding va lues  must a l s o  recur . )  
Fo r  a comprehensive yet  readab le  t rea tmen t  o f  t h e  t h e o r y  o f  a l g o r i t h m s  f o r  t h e  
g e n e r a t i o n  o f  pseudo random numbers, i n c l u d i n g  p e r i o d i c i t y  e f f e c t s ,  t h e  reader  
i s  encouraged t o  e x p l o r e  t h e  book by K n u t h [ l ] .  
5.2 THREE WIDELY USED PSEUDO RANDOM NUMBER GENERATORS 
O f  t h e  many a l g o r i t h m s  a v a i l a b l e  f o r  t h e  g e n e r a t i o n  of pseudo random numbers, 
t h r e e  were s e l e c t e d  f o r  d e t a i l e d  e v a l u a t i o n .  These t h r e e  a l g o r i t h m s  were 
s e l e c t e d  on t h e  b a s i s  o f  genera l  p o p u l a r i t y  i n  a p p l i c a t i o n s  and convenience o f  
access. Fo r  purposes o f  t h i s  r e p o r t ,  t h e  a l g o r i t h m s  a r e  h e r e i n a f t e r  r e f e r r e d  
t o  as (1) M i c r o s o f t  C L i b r a r y  Rout ine ;  (2 )  I n t e r n a t i o n a l  Mathemat ica l  and 
S t a t i s t i c a l  L i b r a r y  (IMSL) Rout ine ;  and (3)  Peer less  Rout ine.  
5.2.1 M i c r o s o f t  C L i b r a r y  Rou t ine  
The M i c r o s o f t  C 5.1 O p t i m i z i n g  Compi le r  c o n t a i n s  a f u n c t i o n  " r a n d ( ) "  i n  t h e  Run- 
Time L i b r a r y .  T h i s  f u n c t i o n  r e t u r n s  a pseudo random i n t e g e r  i n  t h e  range 
0 t o  32,767. A companion f u n c t i o n  ' I s rand ( ) "  may be used t o  s e t  t h e  s t a r t i n g  
va lue  o r  seed used by r a n d ( ) .  No l i s t i n g  o f  t h e  a l g o r i t h m  employed i n  t h i s  
f u n c t i o n  i s  p rov ided .  However, t h e  a l g o r i t h m  a p p a r e n t l y  be longs t o  t h e  c l a s s  
of l i n e a r  c o n g r u e n t i a l  a l g o r i t h m s  d iscussed i n  t h e  book by  Knuth i l l ,  and 
I 
*Numbers i n  b r a c k e t s  r e f e r  t o  i t e m s  n t h e  r e f e r e n c e  i s t .  
. 
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which a l s o  c o n t a i n s  t h e  o t h e r  two a l g o r i t h m s  d iscussed below. I n s t r u c t i o n s  
f o r  t h e  use o f  t h e  r a n d ( )  and s r a n d ( )  f u n c t i o n s  a r e  con ta ined  i n  t h e  M ic ro -  
s o f t  C 5.1 Run-Time L i b r a r y  Reference Manual[2].  
5.2.2 IMSL Rou t ine  
The a l g o r i t h m  G G U B S O  s u p p l i e d  i n  t h e  IMSL s u b r o u t i n e  package f o r  g e n e r a t i n g  
pseudo random numbers may be summarized as f o l l o w s [ 3 1 :  
(1) 5 3 1  = 7 ui modulo ( 2  - 1); i = O , l , Z , . . .  'i+l 
T h i s  a l g o r i t h m  may be used t o  genera te  a sequence o f  pseudo random i n t e g e r s  i n  
t h e  range 0 t o  ( Z 3 l  - 1). The a l g o r i t h m  i s  o f  t h e  m u l t i p l i c a t i v e  c o n g r u e n t i a l  
t y p e  
5.2.3 P e e r l e s s  A l g o r i t h m  
Another  a l g o r i t h m  f o r  t h e  g e n e r a t i o n  o f  pseudo random numbers i s  t h a t  p r o v i d e d  
i n  t h e  Peer less  packages o f  sub rou t ines  i n  F o r t r a n  and C. I t  may be summa- 
r i z e d  as f o l  l ows [4 ] :  
'i +I = 317ui modulo(1) ;  i = 0,1,2,. .. 
The numbers genera ted  by equa t ion  (2 )  l i e  i n  t h e  range 0 t o  1.0. 
5.3 CONVERSION OF PSEUDO RANDOM INTEGERS TO PSEUDO GAUSSIAN VARIATES 
A f t e r  a sequence o f  pseudo random i n t e g e r s  has been genera ted  by one o f  t h e  
a l g o r i t h m s  j u s t  desc r ibed ,  i t  may be conver ted  i n t o  a sequence o f  pseudo 
Gaussian v a r i a t e s  by a two-s tep  process. F i r s t ,  t h e  sequence o f  i n t e g e r s  i s  
conve r ted  t o  sequence o f  pseudo u n i f o r m  v a r i a t e s  by d i v i d i n g  each i n t e g e r  by  
an i n t e g e r  one l a r g e r  than t h e  l a r g e s t  i n t e g e r  wh ich  may be genera ted  by  t h e  
o r i g i n a l  a l g o r i t h m .  The r e s u l t  i s  a sequence o f  f l o a t i n g  p o i n t  numbers ap- 
p r o x i m a t e l y  un i fo rmly .  d i s t r i b u t e d  on t h e  i n t e r v a l  f r o m  ze ro  t o  one. N o t e  
t h a t  t h e  Peer less  r o u t i n e  y i e l d s  such r e s u l t s  d i r e c t l y .  
Next  these pseudo u n i f o r m  v a r i a t e s  a r e  conver ted  t o  pseudo Gaussian v a r i a t e s  
by  mapping i n  accordance w i t h  t h e  f o l l o w i n g  genera l  r u l e :  
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L e t  u be a random v a r i a b l e  u n i f o r m l y  d i s t r i b u t e d  i n  t h e  i n t e r v a l  ( 0 , l ) .  L e t  x 
be a random v a r i a b l e  w i t h  p r o b a b i l i t y  d e n s i t y  f ( x )  i n  t h e  i n t e r v a l  (a,b).  
t hen  t h e  mapping between t h e  two obeys t h e  e q u a l i t y ,  
F o r  a Gaussian d i s t r i b u t i o n ,  t hen  
x .  1 = p + e r f - l  (2ui - 1); i = 0,1,2 ,... 
( 3 )  
( 4 )  
where ui i s  t h e  pseudo u n i f o r m  v a r i a t e ,  xi i s  t h e  co r respond ing  pseudo 
Gaussian v a r i a t e ,  1.1 i s  t h e  mean v a l u e  and (3 i s  t h e  s tandard  d e v i a t i o n ,  and 
e r f ( x )  = - {e-'* dz  
f i o  
(5) 
i s  t h e  " e r r o r  f u n c t i o n . "  Note t h a t  t h e  mapping i n  e q u a t i o n  ( 4 )  c o n t a i n s  t h e  
i n v e r s e  e r r o r  f u n c t i o n .  I t  was found t h a t  a comb ina t ion  o f  power s e r i e s  and 
a s y m p t o t i c  expansions f o r  t h e  i n v e r s e  e r r o r  f u n c t i o n  i s  r e q u i r e d  t o  o b t a i n  an 
adequate accu racy  i n  t h e  t a i l s  o f  t h e  d i s t r i b u t i o n .  
5.3.1 T runca ted  Gaussian V a r i a t e s  
I t  i s  n o t  l i k e l y  t h a t  members w i t h  v e r y  l a r g e  i m p e r f e c t i o n s  w i l l  be used i n  
assembl ing t h e  Space S t a t i o n ,  because o f  q u a l i t y  c o n t r o l  sampl ing and r e j e c -  
t i o n  procedures on t h e  ground. Thus, t h e  a c t u a l  l e n g t h s  o f  members may have a 
d i s t r i b u t i o n  wh ich  has t h e  same shape as t h e  Gaussian d i s t r i b u t i o n  near  t h e  
mean, b u t  w i t h  t h e  t a i l s  c u t  o f f  beyond a t h r e s h o l d  v a l u e  p fxo. The r e s u l -  
t i n g  " t r u n c a t e d "  Gaussian d i s t r i b u t i o n  may be d e s c r i b e d  b y  t h r e e  parameters:  
p ,  (3, and xo. 
. 
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With  r e f e r e n c e  t o  t h e  f o r e g o i n g  genera l  mapping, 
- IX-y ) 2 
20 f ( x )  = - ' e  A 
a = p - x o  
b = p + x 0  
and 
- x O  
Note t h a t  as (xo/o)+- ,  t h e  r e s u l t i n g  d i s t r i b u t i o n  tends toward  t h e  Gaussian 
d i s t r i b u t i o n ,  b u t  as (xo/o)+O, i t  tends  toward  a u n i f o r m  d i s t r i b u t i o n  on t h e  
i n t e r v a l  p -xo  t o  p+xo. Thus, a wide range o f  d i s t r i b u t i o n  shapes may be 
o b t a i n e d  f r o m  t h i s  t r u n c a t e d  Gaussian d i s t r i b u t i o n  by  a p p r o p r i a t e  s e l e c t i o n  o f  
t h e  parameters p ,  o, and xo. 
The mapping f o r  t h e  t r u n c a t e d  Gaussian v a r i a t e  i s :  
O f  i n t e r e s t  a l s o  i s  t h e  r e s u l t a n t  a c t u a l  s tandard  d e v i a t i o n  f o r  t h e  t r u n c a t e d  
d i s t r i b u t i o n .  I t  can be found t o  be: 
2 XO 
E 0 1 - -  G -  




e r f  ( z )  
G(z) = 
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5.4 CHI-SQUARE GOODNESS-OF-FIT TESTS ON PSEUDO GAUSSIAN SEQUENCES 
The t h r e e  random number g e n e r a t o r s  p r e v i o u s l y  d e s c r i b e d  were used t o  genera te  
sequences o f  pseudo Gaussian random v a r i a t e s .  These sequences were used t o  
p e r f o r m  ch i - square  g o o d n e s s - o f - f i t  t e s t s  on t h e  d i s t r i b u t i o n  o f  t h e  v a r i a t e s ,  
and on t h e  d i s t r i b u t i o n  o f  t h e  peak o r  extreme va lues  o b t a i n e d  f rom sequences 
o f  a f i x e d  l e n g t h .  L i m i t e d  i n v e s t i g a t i o n s  o f  t h e  e f f e c t s  o f  d i f f e r e n t  s t a r t -  
i n g  va lues  ( o r  seed number) and l e n g t h  o f  sequence were a l s o  performed. Based 
on t h e  q u a n t i t a t i v e  r e s u l t s  so ob ta ined ,  t h e  M i c r o s o f t  C L i b r a r y  R o u t i n e  was 
s e l e c t e d  f o r  use i n  p e r f o r m i n g  Monte C a r l o  s i m u l a t i o n  s t u d i e s  r e p o r t e d  l a t e r .  
5.4.1 Sumnary o f  R e s u l t s  f o r  D i s t r i b u t i o n  o f  V a r i a t e s  
A s e r i e s  o f  ch i - square  g o o d n e s s - o f - f i t  t e s t s  were per formed on t h e  pseudo ran -  
dom numbers genera ted  b y  t h e  a l g o r i t h m s  d e s c r i b e d  p r e v i o u s l y .  The f i r s t  
s e r i e s  o f  t e s t s  was aimed a t  r a n k i n g  t h e  t h r e e  cand ida te  a l g o r i t h m s  based on 
t h e  "Gaussianness" o f  t h e  d i s t r i b u t i o n  o f  t h e  v a r i a t e s  which t h e y  produce. Fo r  
t h i s  purpose, t h e  ch i - square  s t a t i s t i c  was c a l c u l a t e d  f o r  t e s t s  i n  wh ich  t h e  
r e a l  number l i n e  (wh ich  c o n s t i t u t e s  t h e  sample space f o r  t h e  generated 
v a r i a t e s )  was b roken  i n t o  t h e  f o l l o w i n g  14 i n t e r v a l s ,  each o f  wh ich  has essen- 
t i a l l y  equal  p r o b a b i l i t y  when t h e  v a r i a t e s  a r e  t r u l y  s tandard  normal i n  
d i  s t  r i  b u t  i on : 
i n t e r v a l  1 : [--,-1.466] 
i n t e r v a l  2 : [-1.466,-1.0671 
i n t e r v a l  3 : [-1.067,-0.7923 
i n t e r v a l  4 : [-0.792,-0.566) 
i n t e r v a l  5 : [-0.566,-0.3661 
i n t e r v a l  6 : [-0.366,-0.1801 
i n t e r v a l  7 : [-0.180,0.0] 
i n t e r v a l  8 : [0.0,0.180] 
i n t e r v a l  9 : [0.180,0.366] 
i n t e r v a l  10: [0.366,0.566] 
i n t e r v a l  11: [0.566,0.792] 
i n t e r v a l  12: [0.792,1.067] 
i n t e r v a l  13: [1.067,1.466] 
i n t e r v a l  14: [1.466,-] 
S t a r t i n g  w i t h  a g i v e n  i n i t i a l  v a l u e  o r  seed, t h e  cand ida te  a l g o r i t h m  was used 
t o  genera te  a sequence o f  l e n g t h  n, where n = 100, o r  n = 1,000, o r  n = 5,000. 
Note t h a t  t h e  expected number o f  occurrences of  v a r i a t e s  i n  each i n t e r v a l  i s  
t hen  7.14, o r  71.4, o r  357, r e s p e c t i v e l y .  Thus, even i n  t h e  case when 
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n = 100, t h e  expected number o f  occurrences i n  every  i n t e r v a l  exceeds t h e  
o f t e n  quoted  minimum va lue  o f  5 (see page 42 o f  K n u t h [ l l ) .  
The e f f e c t  o f  v a r y i n g  t h e  i n i t i a l  va lue  o f  seed number used t o  s t a r t  t h e  a l g o -  
r i t h m  was e x p l o r e d  t o  a l i m i t e d  ex ten t .  Sequences o f  l e n g t h  n = 100 were gen- 
e r a t e d  f o r  s i x  d i f f e r e n t  seed va lues  w i t h  each o f  t h e  a l g o r i t h m s .  
The r e s u l t s  o f  t h i s  s e r i e s  o f  t e s t s  a r e  p resented  i n  Tab le  1, which has t h e  
fo rm o f  a m a t r i x  whose e n t r i e s  a r e  va lues  o f  t h e  ch i - square  s t a t i s t i c  (except  
f o r  t h e  l e f t  column, wh ich  l i s t s  t h e  sample s i ze . )  W i th  t h e  e x c e p t i o n  o f  one 
r e s u l t  (Peer less  a l g o r i t h m ,  n = 100, seed = 320) ,  a l l  t h e  va lues  o f  t h e  c h i -  
square s t a t i s t i c  l i e  between t h e  5 and 95 p e r c e n t i l e  va lues  f o r  13 degrees o f  
freedom. Hence, a l l  t h r e e  a l g o r i t h m s  produced r e s u l t s  o f  accep tab le  q u a l i t y  
i n  t h i s  sense. However, t h e  M i c r o s o f t  C r o u t i n e  produced s i g n i f i c a n t l y  lower  
va lues  o f  ch i - square  than t h e  two o t h e r  a l g o r i t h m s  f o r  sample s i z e s  o f  n = 100 
and n = 1,000. Hence t h e  M i c r o s o f t  C r o u t i n e s  per formed b e s t  a t  p roduc ing  
s h o r t  t o  modera te l y  l o n g  sequences o f  a p p r o p r i a t e l y  random numbers. I t  i s  
p r e c i s e l y  t h i s  a b i  1 i t y  t o  produce sequences w i t h  good " l o c a l  l y  random'' p roper -  
t i e s  wh ich  i s  o f  g r e a t e s t  impor tance i n  t h e  i n tended  a p p l i c a t i o n .  O f  course,  
t h e  t e s t i n g  r e p o r t e d  he re  i s  n o t  ex tens i ve  enough t o  be c o n c l u s i v e ,  b u t  t h e  
r e s u l t s  a r e  assumed t o  be r e p r e s e n t a t i v e  o f  t h e  genera l  q u a l i t y  o f  random num- 
b e r s  produced by  t h e  a l g o r i t h m s .  
5.4.2 Surrmary o f  R e s u l t s  f o r  D i s t r i b u t i o n  o f  Peaks i n  Sequences o f  V a r i a t e s  
I n  a d d i t i o n  t o  t h e  t e s t s  on  t h e  d i s t r i b u t i o n  of  t h e  v a r i a t e s ,  Ch i - square  good- 
n e s s - o f - f i t  t e s t s  on t h e  peak or extreme va lues  observed i n  sequences o f  
l e n g t h  n = 100 were a l s o  performed. S ince  extreme v a l u e  s t a t i s t i c s  a r e  o f  
i n t e r e s t  i n  t h e  a p p l i c a t i o n ,  t h e  a b i l i t y  o f  t h e  a l g o r i t h m  t o  produce peak v a l -  
ues w i t h  t h e  a p p r o p r i a t e  d i s t r i b u t i o n  i s  a l s o  o f  i n t e r e s t .  
Cons ider  a s e t  {xil i=1,2,3,  ... ,n) o f  independent random v a r i a b l e s  w i t h  t h e  
same c u m u l a t i v e  d i s t r i b u t i o n  f u n c t i o n  Fx ( x ) .  Then, i f  Z i s  d e f i n e d  as t h e  
maximum v a l u e  o f  t h e  s e t  o f  Xi, t h e  cumu la t i ve  d i s t r i b u t i o n  FZ(z) o f  Z i s  
g i v e n  by  
c 
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Thus,  f o r  a s e t  o f  n s tandard  normal v a r i a t e s ,  t h e  cumu la t i ve  d i s t r i b u t i o n  o f  
t h e  peak v a l u e  o f  t h e  s e t  i s  t h e  n t h  power of t h e  s tandard  normal c u m u l a t i v e  
d i s t r i b u t i o n  f u n c t i o n .  
Us ing  t h e  r e s u l t s  p r o v i d e d  by  Equa t ion  ( 5 ) ,  t h e  ch i - square  s t a t i s t i c  was c a l -  
c u l a t e d  f o r  t e s t s  i n  wh ich  t h e  p o s i t i v e  r e a l  number l i n e  was broken i n t o  t h e  
f o l l o w i n g  10 i n t e r v a l s ,  each o f  which has e s s e n t i a l l y  equal  p r o b a b i l i t y  when 
t h e  v a r i a t e s  a r e  t r u l y  s tandard  normal i n  d i s t r i b u t i o n ,  and when n = 100: 
i n t e r v a l  1: [0,1.998] 
i n t e r v a l  2: [1.998,2.145] 
i n t e r v a l  3: [2.145,2.257] 
i n t e r v a l  4:  [2.257,2.360] 
i n t e r v a l  5: [2.360,2.460] 
i n t e r v a l  6: [2.460,2.570] 
i n t e r v a l  7: [2.570,2.690] 
i n t e r v a l  8: [2.690,2.850] 
i n t e r v a l  9: [2.850,3.060] 
i n t e r v a l  10: [3.060,-] 
S t a r t i n g  w i t h  a g i v e n  i n i t i a l  v a l u e  o r  seed, t h e  c a n d i d a t e  a l g o r i t h m  was used 
t o  genera te  an ensemble o f  50 d i f f e r e n t  sequences c o n s i s t i n g  o f  100 v a r i a t e s  
each. Each sequence was t h e n  scanned and t h e  maximum and minimum v a l u e s  were 
e x t r a c t e d .  A s i n g l e  sequence o f  100 extreme va lues  was o b t a i n e d  b y  t a k i n g  t h e  
a b s o l u t e  v a l u e  o f  t h e  minimum va lues  and t r e a t i n g  t h e  r e s u l t i n g  p o s i t i v e  v a l -  
ues as  a d d i t i o n a l  maxima. The r e s u l t  i s  a sequence o f  100 p o s i t i v e  maxima 
o b t a i n e d  f r o m  t h e  ensemble o f  50 sequences o f  v a r i a t e s .  The sequence o f  100 
maxima was t h e n  used t o g e t h e r  w i t h  t h e  i n t e r v a l s  above t o  genera te  a c h i -  
square s t a t i s t i c .  Note t h a t  t h e  expected number o f  outcomes i n  each i n t e r v a l  
i s  10 i n  t h i s  case. The r e s u l t s  a r e  p resen ted  i n  Tab le  2, wh ich  l i s t s  t h e  
ch i - square  va lues  co r respond ing  t o  d i f f e r e n t  seeds o r  s t a r t i n g  va lues ,  f o r  
each o f  t h e  t h r e e  a l g o r i t h m s  tes ted .  W i th  t h e  e x c e p t i o n  o f  one r e s u l t  
(Peer less  a l g o r i t h m ,  seed = 325) ,  a l l  va lues  o f  t h e  Chi -square s t a t i s t i c  l i e  
between t h e  5 and 95 p e r c e n t i l e  va lues  f o r  n i n e  degrees o f  freedom. Hence, 
a g a i n  i t  i s  conc luded t h a t  a l l  t h r e e  a l g o r i t h m s  produced r e s u l t s  o f  accep tab le  
q u a l i t y .  Again i t  must be emphasized t h a t  t h e  t e s t s  per formed were l i m i t e d  i n  
scope, and shou ld  n o t  be regarded as conc lus i ve .  I t  i s  p o s s i b l e  t h a t  more 
e x t e n s i v e  t e s t s  c a r r i e d  o u t  w i t h  much l a r g e r  samples o f  v a r i a t e s  c o u l d  a r r i v e  
a t  d i f f e r e n t  conc lus ions .  
20 
However, based on t h e  a v a i l a b l e  t e s t  r e s u l t s  i n  Tables 1 and 2, t h e  M i c r o s o f t  
C r o u t i n e s  r a n d o a n d  s rand( )  w e r e  chosen f o r  t h e  purposes o f  t h e  Monte C a r l o  
s i m u l a t i o n  s t u d i e s  r e p o r t e d  l a t e r .  The s e l e c t i o n  was based e q u a l l y  on  t he  
i m p l i c a t i o n s  o f  t h e  t e s t  r e s u l t s  and on t h e  convenience o f  t h e  a p p l i c a t i o n  i n  
t h e  C code w r i t t e n  f o r  t h e  s i m u l a t i o n  s tud ies .  A s  p r e v i o u s l y  noted,  t h e  
Peer less  a l g o r i t h m  was a lone  i n  p roduc ing  a t e s t  r e s u l t  whose randomness may 
be regarded as suspect  i n  each t e s t .  E l i m i n a t i n g  t h e  Peer less  a l g o r i t h m ,  t h e  
M i c r o s o f t  C r o u t i n e s  appear t o  per fo rm c o n s i s t e n t l y  b e t t e r  t han  t h e  IMSL rou-  
t i n e  f o r  t h e  d i s t r i b u t i o n  o f  t h e  v a r i a t e s  (Tab le  l ) ,  and o n l y  s l i g h t l y  worse 
i n  t e s t s  o f  t h e  d i s t r i b u t i o n  o f  t h e  peaks (Tab le  2). 
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SECTION 6 
APPLICATION OF THE MSC/pal 2 FINITE ELEMENT ANALYSIS 
OF TRUSS RESPONSE TO RANDOM LOADS 
6.1 INTRODUCTION 
Numerous c o m e r c i a l  f i n i t e  element programs e x i s t  which a r e  capable o f  e f f i -  
c i e n t  l o a d  and d e f l e c t i o n  a n a l y s i s  o f  three-d imensional  t r u s s  s t r u c t u r e s .  No 
s y s t e m a t i c  comparison o f  s o f t w a r e  was performed, however, a f t e r  d i s c u s s i o n s  
w i t h  t e c h n i c a l  r e p r e s e n t a t i v e s  a t  NASA Langley Research Center  who expressed a 
s t r o n g  p r e f e r e n c e  f o r  t h e  MSC/pal 2 s o f t w a r e  f o r  reasons o f  c o m p a t i b i l i t y  and 
a v a i l a b i l i t y .  I t  i s  no tewor thy  t h a t  f o r  purposes o f  Monte C a r l o  s i m u l a t i o n  
s t u d i e s  o f  t r u s s  response t o  random member i m p e r f e c t i o n s ,  t h e  MSC/pal 2 s o f t -  
ware shou ld  n o t  n e c e s s a r i l y  be cons ide red  an o p t i m a l  s e l e c t i o n .  
6.2 OUTLINE OF THE MSC/pal 2 STATIC ANALYSIS CAPABILITIES 
For  a complete d e s c r i p t i o n  o f  t h e  MSC/pal 2 so f tware  c a p a b i l i t i e s  and usage, 
t h e  reader  i s  d i r e c t e d  t o  Reference 5 ,  t h e  seve ra l  manuals p r o v i d e d  by  t h e  
vendor, MacNeal-Schwendler Corpo ra t i on .  What i s  p resen ted  he re  i s  a b r i e f  
sumnary and paraphrase o f  i n f o r m a t i o n  exce rp ted  f rom t h e  manuals o r  o b t a i n e d  
f r o m  t h e  a u t h o r s  pe rsona l  exper ience  w i t h  MSC/pal 2. 
The MSC/pal 2 s o f t w a r e  i s  a c o l l e c t i o n  o f  programs f o r  s t r e s s  and v i b r a t i o n  
a n a l y s i s  o f  mechanical  systems, components, and s t r u c t u r e s  on a pe rsona l  
microcomputer.  I t  uses t h e  f i n i t e  element d i sp lacemen t  method t o  s o l v e  f o r  
d e f l e c t i o n s ,  f o r c e s  and s t r e s s e s  o f  two- and th ree -d imens iona l  systems. 
S t a t i c ,  normal modes, t r a n s i e n t  response, and f requency  response a n a l y s i s  
c a p a b i l i t i e s  a r e  p rov ided .  I n  a d d i t i o n  t o  t a b u l a r  o u t p u t ,  g r a p h i c a l  o u t p u t  i s  
a v a i l a b l e  f o r  model geometry and s t r u c t u r a l  de fo rma t ions ,  d i sp lacemen ts  as 
f u n c t i o n s  of  t i m e  and f requency,  animated d e f o r m a t i o n  p l o t s ,  and s t r e s s  con- 
t o u r  p l o t s .  
The s o f t w a r e  c o n s i s t s  of  seve ra l  programs, i n c l u d i n g  t h e  PALZ, STATZ, DYNA2, 
V I E W Z ,  XYPLOT2, ADCAP2, and PALPREPZ programs, most o f  which genera te  d a t a  f o r  
use by  subsequent programs. The o r g a n i z a t i o n  o f  programs i s  shown i n  
F i g u r e  9. Each program i s  d e s c r i b e d  below. 
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PAL2 - Generates t h e  mathemat ica l  model (geometry, s t i f f n e s s  and mass 
d i s t r i b u t i o n ,  e t c . )  o f  t h e  u n r e s t r a i n e d  s t r u c t u r a l  system. 
STAT2 - Generates boundary r e s t r a i n t s  and loads ,  t hen  per fo rms s t a t i c  
a n a l y s i s ,  i n c l u d i n g  nodal d isp lacement  and element f o r c e  and 
s t r e s s  computations. 
DYNA2 - Per forms dynamic a n a l y s i s :  n a t u r a l  f requenc ies  and mode 
shapes; t r a n s i e n t  response t o  t i m e  v a r y i n g  loads ,  d i s p l a c e -  
ments, and a c c e l e r a t i o n s ;  and response t o  frequency-dependent 
f o r c e s ,  d isp lacements ,  and a c c e l e r a t i o n s .  
VIEW2 - Creates  undeformed and deformed s t r u c t u r a l  p l o t s ,  an ima t ion ,  
and con tou r  p l o t s  f rom s t a t i c  and dynamic a n a l y s i s  r e s u l t s .  
XYPLOT2 - Creates  X - Y  screen p l o t s  o f  dynamic response as w e l l  as s t a t i c  
s t r e s s  d i s t r i b u t i o n  d i s p l a y s .  
ADCAP2 - Per forms convers ion  t o  MSC/NASTRAN fo rma t ,  model d a t a  s e t  
expansion, and p r i n t i n g  system equat ions .  
PALPREP2 - Func t ions  as an i n t e r a c t i v e  preprocessor  f o r  s imp le  models. 
A l though  v e r s i o n s  o f  MSC/pal 2 f o r  o t h e r  machines a r e  a v a i l a b l e ,  t h e  one used 
i n  t h e  p r e s e n t  s tudy  was developed s p e c i f i c a l l y  f o r  an I B M  Personal  Computer 
(PC) o r  compa t ib le ,  w i t h  a t  l e a s t  a 10 megabyte ha rd  d i s k  and a t  l e a s t  640K 
RAM (random access memory). An I B M  PC XT, AT, o r  80386 machine i s  adequate. 
A t  l e a s t  one f l o p p y  d i s k  d r i v e  i s  r e q u i r e d  i n  o r d e r  t o  t r a n s f e r  t h e  programs 
f rom t h e  d i s k e t t e s  on wh ich  they  a r e  supp l ied .  A c o l o r  m o n i t o r  and g r a p h i c s  
c a r d  a r e  r e q u i r e d  f o r  g r a p h i c a l  ou tpu t .  A numeric coprocessor  c h i p  (8087 f o r  
t h e  XT, 80287 f o r  t h e  AT, o r  80387 f o r  80386 machines) i s  a l s o  r e q u i r e d .  A 
p r i n t e r  ( f o r  ha rd  copy o u t p u t )  i s  o p t i o n a l ;  g r a p h i c s  ha rd  copy i s  suppor ted  on 
t h e  I B M  p r i n t e r .  
6.3 BASIC APPROACH FOR RANDOM IMPERFECTION ANALYSIS 
The s teps  f o l l o w e d  i n  a n a l y z i n g  a s i n g l e  case i n  t h e  Monte C a r l o  s tudy  a r e  
o u t l i n e d  i n  t h e  f o l l o w i n g  paragraphs. The a n a l y s i s  beg ins  w i t h  t h e  c r e a t i o n  
o f  a mathemat ica l  model o f  t h e  geometry and s t r u c t u r a l  p r o p e r t i e s  o f  t h e  
t r u s s .  T h i s  i s  accompl ished by  e x e c u t i n g  t h e  PAL2 subprogram w i t h  t h e  i n p u t  
t e x t  f i l e  such as SPASTAT2.TXT, a l i s t i n g  o f  wh ich  i s  i n c l u d e d  i n  Appendix 1. 
A f t e r  r u n n i n g  PALZ, a model o f  t h e  open- r i ng  t r u s s  s t r u c t u r e  i s  a v a i l a b l e  f o r  
s t a t i c  a n a l y s i s .  T h i s  model c o n t a i n s  897 elements and 276 nodes, w i t h  a t o t a l  
o f  828 degrees o f  freedom. 
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Nex t ,  a random number g e n e r a t o r  i s  used t o  c r e a t e  a s e t  o f  897 pseudo random 
member s t r a i n s .  By s e t t i n g  t h e  c o e f f i c i e n t  o f  thermal  expansion t o  one f o r  
a l l  members i n  t h e  t r u s s  and s e t t i n g  a l l  member r e f e r e n c e  i n i t i a l  temperatures 
t o  zero ,  (see SPASTATZ.TXT), t hese  random member s t r a i n s  may be regarded as 
random member temperature changes u s i n g  t h e  thermal  a n a l y s i s  capabi  1 i t i e s  o f  
MSC/pal 2, v e r s i o n  3 (November 1987). An A S C I I  t e x t  f i l e  c o n t a i n i n g  t h e  
necessary d isp lacement  boundary c o n d i t i o n s  ( u s i n g  t h e  DISPLACEMENTS APPLIED 1 
command) f o l l o w e d  by a b l a n k  l i n e  and t h e  897 random member temperature 
changes ( u s i n g  t h e  ELEMENT TEMPERATURE 1 command) i s  c rea ted .  The random e l e -  
ment temperature d a t a  i s  t e r m i n a t e d  by  a b l a n k  l i n e ,  and t h e  SOLVE then  Q U I T  
commands a r e  invoked. An example i s  shown i n  t h e  sample l i s t i n g  RANLOAD.TXT 
f i l e ,  a l s o  l i s t e d  i n  Appendix 1. (The p r e p a r a t i o n  o f  t h i s  l o a d  f i l e  has been 
automated w i t h  spec ia l -pu rpose  so f tware  developed f o r  t h i s  purpose and 
d e s c r i b e d  l a t e r  i n  t h i s  r e p o r t . )  
A f t e r  t h e  l o a d  i n p u t  t e x t  f i l e  has  been c r e a t e d ,  t h e  n e x t  s t e p  i s  t o  run t h e  
s t a t i c  d e f l e c t i o n  a n a l y s i s  program STAT2. T h i s  i s  done b y  u s i n g  t h e  l o a d  f i l e  
c o n t a i n i n g  t h e  random member temperatures as i n p u t  t o  t h e  STAT2 program. 
STAT2 then  ach ieves  a decomposi t ion o f  t h e  s t i f f n e s s  m a t r i x  and c a l c u l a t e s  t h e  
d i sp lacemen ts  i n  t h e  t r u s s ,  s t o r i n g  t h e  r e s u l t s  compact ly  i n  b i n a r y  f o r m  on 
t h e  h a r d  d i s k .  
To examine t h e  r e s u l t s  o f  t h e  a n a l y s i s ,  i t  i s  necessary t o  e x e r c i s e  t h e  DATA 
RECOVERY o p t i o n  w i t h i n  STAT2. T h i s  o p t i o n  a l l o w s  t h e  c r e a t i o n  o f  an A S C I I  
d i s k  f i l e  c o n t a i n i n g  nodal  d e f l e c t i o n s  and /o r  member s t r e s s e s  which, i f  
requested,  a r e  computed f rom t h e  nodal  d e f l e c t i o n s  p r e v i o u s i y  s to red ,  
(Graph ica l  examina t ion  o f  t h e  de fo rma t ions  i n  t h e  t r u s s  a r e  p o s s i b l e  w i t h o u t  
r u n n i n g  t h e  DATA RECOVERY o p t i o n ,  by  e x i t i n g  STAT2 and r u n n i n g  VIEW2 ins tead . )  
A f t e r  t h e  STAT2 o u t p u t  r e s u l t s  a r e  w r i t t e n  t o  a s to rage  f i l e  i n  A S C I I  form, 
t h e y  may be scanned t o  search f o r  peak, rms, o r  o t h e r  measures o f  nodal  
d e f l e c t i o n s  and member s t resses .  T h i s  may be done manua l l y  u s i n g  an a v a i l a b l e  
t e x t  e d i t o r ,  o r  i t  may be accompl ished u s i n g  t h e  s p e c i a l  purpose p o s t -  
p rocess ing  s o f t w a r e  developed f o r  t h i s  purpose and d e s c r i b e d  l a t e r  i n  t h i s  
r e p o r t .  
The approach d e s c r i b e d  above was used t o  o b t a i n  t h e  r e s u l t s  p resen ted  i n  t h e  
n e x t  sec t i on .  However, i t  i s  p o s s i b l e  t o  p e r f o r m  t h e  a n a l y s i s  w i t h o u t  use o f  
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t h e  thermal  a n a l y s i s  c a p a b i l i t i e s  o f  MSC/pal 2, v e r s i o n  3. T h i s  may be accom- 
p l i s h e d  by f i r s t  m u l t i p l y i n g  t h e  s e t  o f  random member s t r a i n s  by t h e  s e t  o f  
member p r o p e r t i e s  EA t o  o b t a i n  t h e  s e t  o f  member f i xed -end  fo rces .  These 
f o r c e s  a r e  those  wh ich  would develop i n  t h e  members i f  t h e  nodes o f  t h e  t r u s s  
w e r e  somehow locked  a g a i n s t  a l l  mo t ion  by a p p r o p r i a t e  e x t e r n a l  c o n s t r a i n t s ,  
and then t h e  member s t r a i n s  w e r e  imposed. Such f i xed -end  member f o r c e s  would 
then r e s u l t  i n  a s e t  o f  necessary e x t e r n a l  nodal c o n s t r a i n t  f o rces .  These 
nodal c o n s t r a i n t  f o r c e s  may be ob ta ined  f rom t h e  f i xed -end  member f o r c e s  
t o g e t h e r  w i t h  t h e  geometry o f  t h e  t r u s s .  The d isp lacements  o f  t h e  nodes o f  
t h e  t r u s s  w i t h  random member s t r a i n s  may then be ob ta ined  by s o l v i n g  an a u x i l -  
i a r y  p rob lem i n  wh ich  nodal f o r c e s  a r e  a p p l i e d  t o  an o t h e r w i s e  u n s t r a i n e d  and 
unloaded t r u s s .  The nodal f o r c e s  t o  be a p p l i e d  a r e  t h e  e x a c t  reve rse  o f  t h e  
nodal c o n s t r a i n t  f o r c e s  p r e v i o u s l y  descr ibed.  The d isp lacements  o b t a i n e d  i n  
t h i s  way a r e  i d e n t i c a l  t o  t h e  d isp lacements  o b t a i n e d  by  u s i n g  t h e  thermal  
a n a l y s i s  c a p a b i l i t y  o f  MSC/pal 2, v e r s i o n  3. 
The member fo rces  o b t a i n e d  f rom t h e  a u x i l i a r y  problem must be s u b t r a c t e d  f rom 
t h e  f i x e d - e n d  member f o r c e s  t o  o b t a i n  t h e  c o r r e c t  member f o r c e s  wh ich  r e s u l t  
when random member s t r a i n s  a r e  imposed on t h e  s t r u c t u r e .  T h i s  a d d i t i o n a l  
pos t -p rocess ing  s t e p  (wh ich  r e q u i r e s  a d d i t i o n a l  s to rage  f o r  t h e  f i xed -end  mem- 
b e r  f o r c e s )  i s  a d isadvantage o f  t h e  d i r e c t  (non- thermal  a n a l y s i s )  approach 
o u t l i n e d  here.  However, t h i s  d isadvantage i s  m i t i g a t e d  somewhat i n  MSC/pal 2, 
v e r s i o n  3 ,  because t h e  d i r e c t  approach a l l o w s  m u l t i p l e  l o a d  cases t o  be sub- 
m i t t e d ,  t h e r e b y  e l i m i n a t i n g  t h e  s t i f f n e s s  m a t r i x  decompos i t ion  phase o f  s o l u -  
t i o n  f o r  m u l t i p l e  l o a d  cases. The thermal  a n a l y s i s  c a p a b i l i t i e s  o f  MSC/pal 2 




STRUCTURAL BEHAVIOR OF CANDIDATE TRUSS MODEL 
SUBJECTED TO SOME RANDOM LOADS 
One o f  t h e  i m p o r t a n t  c o n s i d e r a t i o n s  i n  t h e  des ign  o f  t h e  Space S t a t i o n  p r i m a r y  
s t r u c t u r e  i s  t h e  e f f e c t  o f  f a b r i c a t i o n  i m p e r f e c t i o n s  and t o l e r a n c e s  on assem- 
b l y  l oads ,  geomet r i c  p r e c i s i o n ,  and r e s i d u a l  s t r e s s e s  i n  t h e  s t r u c t u r e .  I n  
o r d e r  t o  p r o v i d e  some q u a n t i t a t i v e  e v a l u a t i o n  o f  such e f f e c t s ,  a l i m i t e d  Monte 
C a r l o  s i m u l a t i o n  s tudy  o f  t h e  open- r i ng  t r u s s  model was performed. 
The Monte C a r l o  s i m u l a t i o n  s tudy  was per formed u s i n g  t h e  M i c r o s o f t  C pseudo 
random number g e n e r a t i o n  r o u t i n e s  d e s c r i b e d  i n  S e c t i o n  5, and t h e  MSC-PAL2 
f i n i t e  element a n a l y s i s  s o f t w a r e  d e s c r i b e d  i n  S e c t i o n  6. The a n a l y s i s  was 
c a r r i e d  o u t  on v a r i o u s  IBM PC XT o r  AT machines ( o r  compa t ib les ) ,  as w e l l  as 
Compaq 386 machines. To i n v e s t i g a t e  t h e  n a t u r e  o f  t h e  s t r u c t u r a l  response t o  
random member-length e r r o r s ,  an ensemble of  100 s e t s  o f  pseudo random member 
l e n g t h s  were generated. The nodal  d e f l e c t i o n s  and member s t r e s s e s  wh ich  
r e s u l t e d  f rom each s e t  o f  member l e n g t h  i m p e r f e c t i o n s  were de te rm ined  b y  
f i n i t e  element a n a l y s i s .  The ensemble o f  r e s u l t s  so o b t a i n e d  was t h e n  used t o  
examine t h e  s t a t i s t i c a l  b e h a v i o r  o f  t h e  s t r u c t u r a l  response. I n  p a r t i c u l a r ,  
t h e  maximum and rms va lues  of t h e  r i n g - c l o s i n g  mismatch e r r o r s  i n  t h e  open- 
r i n g  t r u s s  model were determined,  as w e l l  as t h e  peak and rms member r e s i d u a l  
s t r e s e s ,  and t h e  r e l a t i v e  m isa l i gnmen t  between two r e f e r e n c e  p lanes  a t t a c h e d  
t o  t h e  t r u s s .  The s t a t i s t i c s  o f  these r e s u l t s  a r e  p resen ted  l a t e r  i n  t h i s  
s e c t i o n .  
A g r a p h i c  i l l u s t r a t i o n  o f  t h e  t y p i c a l  n a t u r e  o f  t h e  s t r u c t u r a l  response t o  
these  random member-length i m p e r f e c t i o n s  i s  p r o v i d e d  i n  F i g u r e s  10 t h r o u g h  13. 
Note i n  t h e  f i g u r e s ,  wh ich  g r e a t l y  exaggerate t h e  magnitude o f  t h e  d e f l e c t i o n s  
f o r  c l a r i t y ,  t h a t  t h e  c u m u l a t i v e  e f f e c t  o f  t h e  random member l e n g t h s  may 
r e s u l t  i n  s i g n i f i c a n t  r i n g - c l o s i n g  mismatch e r r o r s ,  as  expected. However, t h e  
d e f l e c t e d  shape shown i n  t h e  f i g u r e s  a l s o  r e v e a l s  s i g n i f i c a n t  d i s t o r t i o n s  and 
l a c k  o f  geomet r i c  p r e c i s i o n  d i s t r i b u t e d  b r o a d l y  th roughou t  t h e  s t r u c t u r e .  The 
magnitude o f  t hese  d e f l e c t i o n s  was found t o  be r e l a t i v e l y  smal l  f o r  t h e  param- 




As p r e v i o u s l y  ment ioned,  t h e  wors t -case r e s u l t s  and extreme va lue  s t a t i s t i c s  
for b o t h  d e f l e c t i o n s  and s t resses  a r e  o f  p a r t i c u l a r  e n g i n e e r i n g  i n t e r e s t .  
Fur thermore,  t h e  shape o f  t h e  d i s t r i b u t i o n  o f  member l e n g t h  i m p e r f e c t i o n s  i s  
g e n e r a l l y  expected t o  have a s i g n i f i c a n t  e f f e c t  on these extreme va lue  
s t a t i s t i c s .  To  e x p l o r e  these e f f e c t s ,  t h e  e n t i r e  s i m u l a t i o n  s tudy  was p e r -  
formed t w i c e ,  once u s i n g  a s e t  o f  Gaussian member l e n g t h  i m p e r f e c t i o n s  and 
aga in  u s i n g  a u n i f o r m  d i s t r i b u t i o n  o f  member l e n g t h  i m p e r f e c t i o n s .  The gener-  
a t i n g  d i s t r i b u t i o n s  each used a mean va lue  o f  zero. The Gaussian da ta  was 
genera ted  w i t h  a nominal s tandard  d e v i a t i o n  o f  e f f e c t i v e  f i x e d - e n d  member 
s t r a i n s  o f  1.0 x so t h a t  t h e  a c t u a l  s tandard  d e v i a t i o n  f o r  t h e  u n i f o r m  
d i s t r i b u t i o n  was o n l y  5.77 x which i s  42.3 p e r c e n t  s m a l l e r  than t h a t  
used f o r  t h e  Gaussian data.  As a r e s u l t ,  t h e  d e f l e c t i o n s  and s t r e s s e s  
o b t a i n e d  f r o m  t h e  s i m u l a t i o n  r e s u l t s  f o r  t h e  u n i f o r m l y  d i s t r i b u t e d  case w e r e  
c o n s i s t e n t l y  s m a l l e r  t han  those f o r  t h e  Gaussian case. To f a c i l i t a t e  eva lua-  
t i o n  o f  t h e  e f f e c t s  o f  t h e  shape o f  d i s t r i b u t i o n  o f  random i m p e r f e c t i o n s  on 
t h e  r e s u l t s ,  no rma l i zed  d a t a  i n  which t h e  s t r u c t u r a l  d e f l e c t i o n s  and s t resses  
a r e  d i v i d e d  by t h e  s tandard  d e v i a t i o n  of i n p u t  random member s t r a l n s  a r e  
p r o v i d e d ,  t o g e t h e r  w i t h  t h e  raw r e s u l t s .  
7.1 RING-CLOSING MISMATCH DEFLECTIONS DUE TO PSEUDO RANDOM MEMBER LENGTH 
IMPERFECTIONS 
Presented  i n  Tab le  3 a r e  t h e  r e s u l t s  o b t a i n e d  f o r  r i n g - c l o s i n g  mismatch 
d e f l e c t i o n s  i n  t h e  open r i n g  t r u s s  model f o r  t h e  case where pseudo random mem- 
b e r  l e n g t h s  were genera ted  from a Gaussian d i s t r i b u t i o n .  The g e n e r a t i n g  d i s -  
t r i b u t i o n  had a mean va lue  o f  e f f e c t i v e  f i xed -end  member s t r a i n s  o f  zero ,  and 
a s tandard  d e v i a t i o n  o f  1 x An ensemble o f  100 cases was used t o  con- 
s t r u c t  t h e  s t a t i s t i c a l  r e s u l t s  shown i n  t h e  t a b l e .  
The t a b l e  p r o v i d e s  r e s u l t s  f o r  t h e  x ,  y and z components o f  d isp lacement  a t  
nodes 273, 274, 275 and 276. As shown i n  F i g u r e  14, these nodes a r e  l o c a t e d  
a t  t h e  c o r n e r s  o f  t h e  p lane  o f  s e p a r a t i o n  o f  t h e  open- r i ng  model, d i r e c t l y  
a d j a c e n t  t o  t h e  c o n s t r a i n e d  d u p l i c a t e  nodes a t  which t h e  s i x  d isp lacement  
boundary c o n d i t i o n s  a r e  a p p l i e d .  Thus, t h e  average d e f l e c t i o n  o f  these nodes 
p r o v i d e s  a measure o f  t h e  r i n g - c l o s i n g  mismatch d e f l e c t i o n s .  
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A s  seen i n  t h e  t a b l e ,  t h e  mean va lue  o f  a l l  d e f l e c t i o n s  i s  smal l ,  as expected. 
I n  t h e  l i m i t  o f  i n f i n i t e  ensemble s i z e ,  t h e  mean o f  a l l  d e f l e c t i o n s  shou ld  
approach zero.  The s tandard  d e v i a t i o n  o f  t h e  d e f l e c t i o n s  i n  t h e  x - d i r e c t i o n  
i s  more than t w i c e  t h a t  i n  e i t h e r  t h e  y-  o r  z - d i r e c t i o n s ,  and t h e  extreme v a l -  
ues ob ta ined  i n  t h e  x - d i r e c t i o n  a r e  approx ima te l y  t w i c e  those o b t a i n e d  i n  t h e  
o t h e r  d i r e c t i o n s .  An examinat ion  o f  t h e  case numbers a t  which extreme va lues  
occu r red  f o r  each node shows t h a t  t h e  d isp lacements  a t  a l l  f o u r  nodes a r e  
h i g h l y  c o r r e l a t e d ,  as expected. 
A1  though the  s tandard  d e v i a t i o n  o f  e f f e c t i v e  f i xed -end  member s t r a i n s  o f  
1 x was s e l e c t e d  somewhat a r b i t r a r i l y ,  t h i s  va lue  may be r e p r e s e n t a t i v e  
o f  t h e  l e v e l  o f  accuracy o f  f a b r i c a t i o n  which may be ach ieved w i t h  reasonab le  
e f f o r t  u s i n g  c u r r e n t  technology.  The r e s u l t s  then  i n d i c a t e  t h a t  t h e  r i n g -  
c l o s i n g  mismatch d e f l e c t i o n s  a r e  h i g h l y  l i k e l y  t o  be s m a l l e r  t han  0.5 inches  
(12.7 mm) i n  any d i r e c t i o n .  Fur thermore,  i f  t h e  r e s u l t s  i n  Tab le  3 a r e  used 
t o  model t h e  average x ,  y and z m i s m a t c h  d e f l e c t i o n s  as zero-mean random v a r i -  
a b l e s  w i t h  s tandard  d e v i a t i o n s  o f  app rox ima te l y  
a = 0.169 i n  (4.29 m) 
a = 0.072 i n  (1.83 m) 




t h e  s t i f f n e s s  m a t r i x  p resen ted  i n  S e c t i o n  3 may be used t o  e s t i m a t e  t h e  s t a -  
t i s t i c a l  p r o p e r t i e s  o f  t h e  l oads  r e q u i r e d  d u r i n g  assembly t o  c l o s e  t h e  r i n g .  
I f  c o r r e l a t i o n s  between t h e  x ,  y and z d e f l e c t i o n s  a r e  i gno red ,  t hen  t h e  r i n g -  
c l o s i n g  f o r c e s  a r e  found t o  be zero-mean random v a r i a b l e s  w i t h  s tandard  d e v i a -  
t i o n s  o f  a p p r o x i m a t e l y  
a = 1.95 l b  (8.68 N) 
f X  
= 5.28 l b  (23.5 N) 
Y 
O f  
= 5.85 l b  (26.0 N) 
Z af  
Thus, i t  i s  ve ry  u n l i k e l y  t h a t  a r i n g - c l o s i n g  l o a d  l a r g e r  than about  25 l b s  
(111 N) would be r e q u i r e d  d u r i n g  assembly. T h i s  e s t i m a t e  i s  n o t  f a r  o f f  f rom 
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t h e  va lue  o f  33.1 l b  (147 N) which r e s u l t s  when t h e  w o r s t  case extreme va lue  
d e f l e c t i o n s  i n  each d i r e c t i o n  a r e  used w i t h o u t  rega rd  t o  t h e  f a c t  t h a t  t hey  
occur  i n  d i f f e r e n t  cases, and w i t h o u t  rega rd  t o  a l g e b r a i c  s ign .  
Fur thermore ,  i f  t h e  r i n g - c l o s i n g  loads  a re  regarded as Gaussian random v a r i -  
ab les ,  t hen  t h e  s tandard  d e v i a t i o n s  p r o v i d e d  above may be used t o  o b t a i n  rough 
e s t i m a t e s  o f  t h e  p r o b a b i l i t y  o f  occurrence o f  v a r i o u s  events .  For  example, 
t h e  maximum l i k e l i h o o d  extreme va lue  f o r  an ensemble o f  s i z e  100 i s  2.375 a 
f o r  any zero-mean Gaussian process. Thus, t h e  maximum va lues  o f  r i n g - c l o s i n g  
f o r c e s  i n  an ensemble o f  s i z e  100 m i g h t  be expected t o  be 
f s 4.63 l b  (20.6 N) 
'max 
f z 12.5 l b  (55.6 N) 
Yma x 
f 13.9 l b  (61.9 N) 
'max 
O f  course,  these va lues  a l l  depend on t h e  assumpt ion o f  zero-mean Gaussian 
member- length i m p e r f e c t i o n s  w i t h  a s tandard  d e v i a t i o n  o f  f i xed -end  s t r a i n  o f  
1 x However, s i n c e  t h e  a n a l y s i s  i s  e n t i r e l y  l i n e a r ,  r e s u l t s  f o r  any 
o t h e r  s i z e  o f  s tandard  d e v i a t i o n  o f  member s t r a i n  may be o b t a i n e d  by s imp ly  
mu1 t i p l y i n g  t h e  r e s u l t s  p resented  here  by t h e  a p p r o p r i a t e  r a t i o  o f  s tandard  
d e v i a t i o n s .  
Presented  i n  Tab le  4 a r e  s i m i l a r  r e s u l t s  f r o m  another  Monte C a r l o  s i m u l a t i o n  
wh ich  used pseudo u n i f o r m l y  d i s t r i b u t e d  member l e n g t h  i m p e r f e c t i o n s  i n s t e a d  o f  
Gaussian i m p e r f e c t i o n s .  The mean va lue  used was a g a i n  ze ro ,  b u t  t h e  range o f  
e f f e c t i v e  f i x e d - e n d  member s t r a i n s  used was f l  x l o q 5 ,  r e s u l t i n g  i n  a s tan -  
d a r d  d e v i a t i o n  o f  5.77 x wh ich  i s  somewhat s m a l l e r  t han  t h a t  correspond-  
i n g  t o  Tab le  3. The r e s u l t s  o b t a i n e d  i n  t h i s  way d i s p l a y  a l l  t h e  same genera l  
f e a t u r e s  p r e v i o u s l y  d e s c r i b e d  w i t h  rega rd  t o  Tab le  3, except  t h e  va lues  o f  t h e  
d e f l e c t i o n s  a r e  p r o p o r t i o n a t e l y  s m a l l e r ,  as expected, 
I n  o r d e r  t o  examine t h e  e f f e c t s  o f  t h e  shape o f  d i s t r i b u t i o n  used t o  genera te  
member l e n g t h  i m p e r f e c t i o n s ,  t h e  r e s u l t s  p resen ted  i n  Tables 3 and 4 w e r e  con- 
densed and normal ized ,  as shown i n  Table 5. The mean va lue ,  s tandard  dev ia -  
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ensemble s t a t i s t i c s  f o r  t h e  mean and s tandard  d e v i a t i o n  o f  t h e  l a r g e s t  s t r e s s  
wh ich  occu rs  among t h e  897 members i n  t h e  t r u s s  i n  each case. A l s o  p resen ted  
i s  t h e  ensemble maximum v a l u e  o f  t h e  l a r g e s t  s t r e s s  i n  t h e  100 cases. 
Fo r  t h e  assumed s tandard  d e v i a t i o n  o f  e f f e c t i v e  f i x e d - e n d  member s t r a i n  o f  
1 x lo-’, t h e  g l o b a l  maximum member s t r e s s  o f  a p p r o x i m a t e l y  500 p s i  (3.4 
MN/m ) i s  n o t  e s p e c i a l l y  l a r g e .  S ince  t h e  a n a l y s i s  i s  e n t i r e l y  l i n e a r ,  
r e s u l t s  f o r  d i f f e r e n t  va lues  o f  t h e  s tandard  d e v i a t i o n  o f  i n i t i a l  member 
s t r a i n  may be o b t a i n e d  by  s i m p l y  m u l t i p l y i n g  t h e  t a b u l a t e d  r e s u l t s  b y  t h e  
a p p r o p r i a t e  r a t i o  o f  s tandard  d e v i a t i o n s .  
2 
Note t h a t  t h e  r e s u l t s  f o r  t h e  mean and s tandard  d e v i a t i o n  o f  l a r g e s t  member 
s t r e s s  may be used t o  p r o v i d e  es t ima tes  o f  t h e  p r o b a b i l i t y  o f  occurrence o f  
v a r i o u s  events ,  i f  an a p p r o p r i a t e  assumption i s  made f o r  t h e  p r o b a b i l i t y  d i s -  
t r i b u t i o n  a s s o c i a t e d  w i t h  t h e  l a r g e s t  member s t r e s s .  F o r  example, i f  i t  i s  
assumed t h a t  t h e  l a r g e s t  member s t r e s s  i s  Gaussian i n  d i s t r i b u t i o n ,  t hen  t h e  
maximum l i k e l i h o o d  v a l u e  o f  t h e  l a r g e s t  v a l u e  i n  an ensemble o f  s i z e  100 i s  
(p + 2.3750), o r ,  i n  t h i s  case, 499.43 p s i  (3.44 MN/m ) ,  wh ich  compares su r -  
p r i s i n g l y  we1 1 w i t h  t h e  r e p o r t e d  s i m u l a t i o n  r e s u l t s .  S i m i l a r l y ,  t h e  maximum 
l i k e l i h o o d  v a l u e  f o r  a sample o f  s i z e  1,000 i s  (p + 3.1140), o r  534.11 p s i  
(3.75 MN/m2). S ince  no s i m u l a t i o n  r e s u l t s  a r e  a v a i l a b l e  f o r  an ensemble o f  
t h i s  s i z e ,  t h e  e s t i m a t e  cannot be v e r i f i e d  as y e t .  
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A l s o  shown i n  T a b l e  6 i s  a sample o f  t e n  r e s u l t s  f rom t h e  ensemble o f  s i z e  
100. F o r  each o f  t h e  t e n  cases shown, t h e  mean and s tandard  d e v i a t i o n  o f  t h e  
897 member s t r e s s e s  a r e  g i ven .  Note t h a t  t h e  mean s t r e s s  i s  n e a r l y  ze ro ,  as 
expected. Approximate s t a t i s t i c s  f o r  member l oads  a r e  p r o v i d e d  nex t .  These 
r e s u l t s  were o b t a i n e d  by  m u l t i p l y i n g  t h e  member s t r e s s  r e s u l t s  by  t h e  v a l u e  o f  
2 c r o s s - s e c t i o n a l  a rea  o f  A = 0.36568 i n  . The r e s u l t s  a r e  t h e r e f o r e  a p p r o x i -  
mate, s i n c e  t e n  o f  t h e  897 members ( a l l  o f  which l i e  i n  t h e  p l a n e  o f  separa- 
t i o n )  a c t u a l l y  have a c r o s s - s e c t i o n a l  a rea  wh ich  i s  h a l f  t h i s  value. Note 
t h a t  t h e  mean member l o a d  i s  n e a r l y  ze ro ,  and t h e  s tandard d e v i a t i o n  i s  i n  t h e  
neighborhood o f  30 t o  35 l b s  (130 t o  150 N). I n  t h e  r i g h t - h a n d  column a r e  t h e  
s t r e s s ,  l o a d  and element i d e n t i f i c a t i o n  numbers co r respond ing  t o  t h e  most 
h i g h l y  s t r e s s e d  member i n  t h e  t r u s s .  Note t h a t  element number 431 was t h e  
most h i g h l y  s t r e s s e d  member i n  case 25 and a l s o  i n  case 35. The v a l u e  o f  max- 
imum member s t r e s s  i s  o f t e n  more than  f o u r  t imes  t h e  s tandard  d e v i a t i o n  o f  t h e  
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member s t resses ,  even though t h e  t r u s s  has fewer  than  1,000 members. Thus, i t  
appears t h a t  t h e  member s t r e s e s  may n o t  be w e l l  modeled by  t h e  Gaussian d i s -  
t r i b u t i o n .  
A f i n a l  o b s e r v a t i o n  f rom Tab le  6 i s  t h a t  member 439, which i s  t h e  most h i g h l y  
s t r e s s e d  member i n  case 45, l i e s  i n  t h e  p lane  o f  separa t ion .  Thus, i t  was 
modeled w i t h  a c r o s s - s e c t i o n a l  a rea  one-ha l f  t h a t  used f o r  o t h e r  members, as 
e x p l a i n e d  i n  S e c t i o n  3.1. As  a r e s u l t ,  t h e  member l o a d  o f  54.73 l b s  
(243.45 N) i s  app rox ima te l y  one-hal f  t h e  o t h e r  va lues  i n  t h e  t a b l e ,  a l l  o f  
wh ich  correspond t o  members wh ich  a r e  n o t  i n  t h e  p lane  o f  separa t ion .  
Presented  i n  Table 7 a r e  r e s u l t s  s i m i l a r  t o  those i n  Tab le  6, b u t  f o r  t h e  case 
o f  u n i f o r m l y  d i s t r i b u t e d  i n i t i a l  member l e n g t h  imper fec t i ons .  I n  t h i s  case, 
t h e  mean va lue  o f  t h e  e f f e c t i v e  f i xed -end  member s t r a i n  i s  zero,  t h e  range i s  
+1 x 10 , and t h e  s tandard  d e v i a t i o n  i s  5.77 x Because t h e  s tandard  
d e v i a t i o n  o f  i n i t i a l  i m p e r f e c t i o n s  i s  s m a l l e r  i n  Table 7 than i n  Tab le  6,  t h e  
most obv ious  d i f f e r e n c e  between t h e  two t a b l e s  i s  t h a t  t h e  s t r e s s e s  and loads  
i n  Tab le  7 a r e  s u b s t a n t i a l l y  smal le r .  Other  t r e n d s  and d e t a i l s  a r e  s i m i l a r  t o  
those p r e v i o u s l y  d i scussed  w i t h  rega rd  t o  Tab le  6. 
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O f  p a r t i c u l a r  i n t e r e s t  i n  comparing r e s u l t s  i n  Tab les  6 and 7 i s  t h e  e f f e c t  o f  
t h e  shape o f  d i s t r i b u t i o n  o f  i n i t i a l  member l e n g t h  i m p e r f e c t i o n s  on t h e  
r e s u l t s  f o r  t h e  most  h i g h l y  s t r e s s e d  member i n  t h e  t r u s s .  I n  o r d e r  t o  address 
t h i s  i s s u e ,  t h e  ensemble s t a t i s t i c s  o f  l a r g e s t  member s t r e s s  a t  t h e  t o p  o f  
Tab les  6 and 7 were no rma l i zed  b y  d i v i d i n g  them by  t h e  co r respond ing  v a l u e  o f  
t h e  s tandard  d e v i a t i o n  oE o f  e f f e c t i v e  f i xed -end  member l e n g t h  i m p e r f e c t i o n s .  
The r e s u l t s  a r e  shown i n  Tab le  8. I t  i s  c l e a r  f rom these no rma l i zed  r e s u l t s  
t h a t  t h e  mean v a l u e  o f  t h e  maximum s t r e s s  i s  v e r y  n e a r l y  t h e  same f o r  each 
d i s t r i b u t i o n .  I t  t h e r e f o r e  appears t h a t  t h e  shape o f  d i s t r i b u t i o n  has a ve ry  
smal l  e f f e c t  on t h e  mean va lue  o f  t h e  maximum member s t r e s s .  S i m i l a r  r e s u l t s  
a r e  o b t a i n e d  f o r  t h e  l a r g e s t  maximum s t r e s s  i n  t h e  ensemble o f  100 cases. 
However, t h e  r e s u l t s  f o r  t h e  normal ized  s tandard  d e v i a t i o n  o f  maximum member 
s t r e s s  seem t o  i n d i c a t e  t h a t  t h e  Gaussian d i s t r i b u t i o n  may produce s i g n i f i -  
c a n t l y  l a r g e r  r e s u l t s .  
The no rma l i zed  s tandard  d e v i a t i o n  r e s u l t  f o r  t h e  Gaussian d i s t r i b u t i o n  i s  15 
t o  20 p e r c e n t  l a r g e r  than  t h e  r e s u l t  f o r  t h e  u n i f o r m  d i s t r i b u t i o n .  Whi le  more 
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s t a t i s t i c a l  t e s t i n g  i s  necessary t o  o b t a i n  m o r e  conf idence i n  t h e  s i g n i f i c a n c e  
o f  t h i s  r e s u l t ,  i t  appears t h a t  t h e  shape o f  d i s t r i b u t i o n  o f  i n i t i a l  imper fec-  
t i o n  may indeed e x e r t  a s i g n i f i c a n t  i n f l u e n c e  over  t h e  shape o f  t h e  d i s t r i b u -  
t i o n  o f  maximum member s t r e s s ,  a t  l e a s t  f o r  problems and ensembles o f  t h i s  
s i ze .  
I n  a d d i t i o n  t o  p r o v i d i n g  i n f o r m a t i o n  on t h e  magni tude o f  t h e  maximum member 
s t r e s s ,  t h e  s i m u l a t i o n  a l s o  p r o v i d e d  i n f o r m a t i o n  on t h e  t y p e  o f  member and 
s p a t i a l  l o c a t i o n  w i t h i n  t h e  t r u s s  o f  t h e  most h i g h l y  s t r e s s e d  member i n  each 
case. These r e s u l t s  a r e  p resented  i n  Table 9. The columns i n  t h e  t a b l e  c o r -  
respond t o  d i f f e r e n t  member types.  Longerons a r e  members wh ich  a r e  p a r a l l e l  
t o  t h e  l o n g i t u d i n a l  a x i s  o f  beam- l i ke  segments o f  t h e  t r u s s .  Ba t tens  a r e  mem- 
b e r s  wh ich  a r e  o r thogona l  t o  longerons.  (The d i s t i n c t i o n  between longerons  
and b a t t e n s  i s  b l u r r e d  i n  bays which l i e  a t  co rne rs  o r  i n t e r s e c t i o n s  o f  beam- 
l i k e  segments.) Face d iagona ls  a r e  d iagona l  members wh ich  l i e  i n  an e x t e r i o r  
f a c e  o f  a bay, and co re  d iagona ls  a r e  d iagona l  members wh ich  p i e r c e  th rough 
t h e  i n t e r i o r  o f  a bay. 
The rows i n  Tab le  9 correspond t o  t h e  genera l  s p a t i a l  l o c a t i o n  o f  segments o f  
t h e  t r u s s .  These segments a r e  d e f i n e d  i n  F i g u r e  15. The numbers o c c u r r i n g  a t  
each l o c a t i o n  i n  t h e  m a t r i x  o f  Table 9 rep resen t  t h e  number o f  t imes i n  100 
cases t h a t  t h e  most h i g h l y  s t ressed  member i n  t h e  t r u s s  happened t o  be o f  t h e  
t y p e  and l o c a t i o n  shown. The numbers i n  parentheses rep resen t  t h e  expected 
number o f  occur rences  i n  a t r u l y  random d i s t r i b u t i o n  i n  wh ich  each t r u s s  mem- 
b e r  has an equal p r o b a b i l i t y  o f  a t t r a c t i n g  t h e  h i g h e s t  s t r e s s  i n  t h e  truss. 
A s  n o t e d  f rom t h e  r e s u l t s ,  seve ra l  remarkable p a t t e r n s  emerge f r o m  Tab le  9. 
F i r s t ,  f o c u s i n g  on t h e  r i g h t - m o s t  column i n  t h e  t a b l e ,  i t  i s  found t h a t  t h e  
most h i g h l y  s t r e s s e d  member occu r red  i n  a bay wh ich  was e i t h e r  a co rne r  o r  
i n t e r s e c t i o n  i n  43 p e r c e n t  o f  t h e  cases, whereas a t r u l y  random s e l e c t i o n  
would p r e d i c t  o n l y  12 percent .  Thus, i t  i s  i n f e r r e d  t h a t  r e s i d u a l  s t resses  
due t o  random member- length i m p e r f e c t i o n s  a r e  l i k e l y  t o  be l a r g e s t  a t  co rne r  
and i n t e r s e c t i o n  bays o f  t h e  t r u s s ,  a lmost  h a l f  t h e  t i m e .  
Another  no tewor thy  f e a t u r e  o f  Tab le  9 i s  revea led  i n  t h e  l a s t  row. H e r e  i t  i s  
found t h a t  a co re  d iagona l  was t h e  most h i g h l y  s t r e s s e d  member i n  t h e  t r u s s  
i n  55 p e r c e n t  o f  t h e  cases, whereas a t r u l y  random s e l e c t i o n  would p r e d i c t  
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o n l y  about  8 percent .  Fur thermore,  b a t t e n s  and f a c e  d iagona ls  would appear t o  
be o n l y  modera te ly  s t r e s s e d  un less  they  a r e  l o c a t e d  i n  a co rne r  o r  i n t e r s e c -  
t i o n  bay o f  t h e  t r u s s .  
Whi le  f u r t h e r  s tudy  would l e n d  deeper i n s i g h t ,  t h e  predominance o f  occur rence 
o f  t h e  m o s t  h i g h l y  s t ressed  member i n  co rne rs  and i n t e r s e c t i o n s  o f  t r u s s  beams 
and i n  d iagona l  members i s  e x p l a i n e d  i n  p a r t  by t h e  d e t e r m i n i s t i c  r e s u l t s  o f  a 
compl iance s tudy  r e p o r t e d  i n  Tab le  10. Shown i n  t h e  t a b l e  a r e  va lues  f o r  t h e  
compl iance o f  t h e  open- r ing  t r u s s  model a t  v a r i o u s  l o c a t i o n s .  To  o b t a i n  each 
va lue  shown, an a n a l y s i s  o f  t h e  t r u s s  d e f l e c t i o n s  due t o  a p a i r  o f  s e l f -  
e q u i l i b r a t e d  u n i t  loads  was performed. The u n i t  loads  were a p p l i e d  i n  oppo- 
s i t e  d i r e c t i o n s  a t  t h e  ends o f ,  and p a r a l l e l  t o ,  a s i n g l e  t r u s s  member, a f t e r  
removing t h a t  member f rom t h e  t r u s s .  The t r u s s  d e f l e c t i o n s  i n  t h e  d i r e c t i o n  
o f  t h e  a p p l i e d  l oads  was d i v i d e d  by t h e  magni tude o f  t h e  a p p l i e d  l o a d  t o  
o b t a i n  t h e  compliance. A s  shown i n  t h e  t a b l e ,  a wide range o f  compl iances 
e x i s t ,  depending on member t y p e  and l o c a t i o n  w i t h i n  t h e  t r u s s .  Fo r  example, 
t h e  r e s u l t s  show t h a t  t h e  compliance o f  t h e  t r u s s  f o r  b a t t e n s  i s  h i g h e r  than 
t h a t  f o r  any o t h e r  member, except  a t  an i n t e r s e c t i o n  where t h e  d i s t i n c t i o n  
between b a t t e n s  and longerons  i s  b l u r r e d .  Thus, a u n i t  member l e n g t h  e r r o r  i n  
a b a t t e n  a lways produces lower  s t r e s s e s  than  s i m i l a r  l e n g t h  e r r o r s  i n  any 
o t h e r  member t y p e  i n  t h e  same t r u s s  reg ion .  T h i s  i s  one e x p l a n a t i o n  f o r  t h e  
f a c t  t h a t  b a t t e n s  v e r y  r a r e l y  occur  as t h e  most h i g h l y  s t r e s s e d  member i n  t h e  
t r u s s ,  as shown i n  Tab le  9. 
Fur thermore ,  t h e  r e s u l t s  i n  Tab le  10 a l s o  show t h a t  i n  r e g i o n s  away f rom c o r -  
ne rs  and i n t e r s e c t i o n s ,  co re  d iagona ls  have t h e  s m a l l e s t  compliance. A s  a 
r e s u l t ,  i t  i s  expected t h a t  co re  d iagona ls  would be t h e  most l i k e l y  cand ida tes  
f o r  a t t r a c t i n g  t h e  h i g h e s t  member s t resses  i n  such l o c a t i o n s ,  an e x p e c t a t i o n  
wh ich  matches w i t h  t h e  s t a t i s t i c a l  obse rva t i ons  i n  Tab le  9. 
F o r  members i n  co rne rs  and i n t e r s e c t i o n s ,  t h e  compl iance o f  f ace  d i a g o n a l s  i s  
found t o  be t h e  s m a l l e s t  o f  a l l  o t h e r  members. Fur thermore,  t h e  r e s u l t s  i n  
t h e  f o u r t h  column o f  Tab le  9 show t h e  expected t r e n d  t h a t  t h e  p o p u l a t i o n  of 
f ace  d i a g o n a l s  i s  q u i t e  l a r g e  among t h e  most h i g h l y  s t ressed  members i n  co rne r  
and i n t e r s e c t i o n  reg ions  o f  t h e  t r u s s ,  b u t  n o t  elsewhere. Longeron compl i -  
ances a r e  n o t  n o t a b l y  d i f f e r e n t  i n  d i f f e r e n t  t r u s s  reg ions ,  and as a r e s u l t ,  
t h e  d i s t r i b u t i o n  o f  occurrences o f  longerons  as t h e  most h i g h l y  s t r e s s e d  mem- 
b e r  i s  f a i r l y  un i fo rm,  as Yhown i n  Tab le  9. 
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A s tudy  o f  t h e  element i d e n t i f i c a t i o n  ( I D )  numbers used t o  c o n s t r u c t  Tab le  9 
r e v e a l s  f u r t h e r  u s e f u l  obse rva t i ons ,  which a r e  summarized i n  Tab le  11. O f  t h e  
100 cases examined, i t  was found t h a t  a t o t a l  o f  o n l y  70 un ique element I D  
numbers occur red .  F i f t y  o f  these 70 members occu r red  e x a c t l y  once as t h e  most 
h i g h l y  s t r e s s e d  member, and t h e  remain ing  20 members occu r red  two o r  more 
t imes.  A s u m a r y  o f  t h e  member t ype  and s p a t i a l  l o c a t i o n  o f  t h e  20 r e p e a t i n g  
members i s  shown near  t h e  t o p  o f  Tab le  11. N o t e  t h e  predominance o f  occur -  
rences i n  co re  d i a g o n a l s  and i n  co rne r  and i n t e r s e c t i o n  bays. 
O f  t h e  twen ty  members wh ich  repeated  a t  l e a s t  once i n  t h e  ensemble o f  most 
h i g h l y  s t r e s s e d  members, seven occu r red  t h r e e  o r  more t imes.  The r e s u l t s  f o r  
these seven cases a r e  shown n e x t  i n  Tab le  11, w i t h  r e s u l t s  wh ich  a r e  s i m i l a r  
t o  those j u s t  d iscussed.  F i n a l l y ,  near  t h e  bo t tom o f  Tab le  10 a r e  t h e  r e s u l t s  
f o r  t h e  t h r e e  cases w i t h i n  t h e  seven d iscussed above, i n  wh ich  a s i n g l e  member 
occu r red  f o u r  o r  more t imes as t h e  most h i g h l y  s t r e s s e d  member i n  t h e  t r u s s .  
Again,  t h e  p a t t e r n  seems t o  be t h a t  co rne r  and i n t e r s e c t i o n  bays a t t r a c t  t h e  
l a r g e s t  s t r e s s e s ,  b u t  t h i s  t i m e  t h e r e  a r e  no co re  d i a g o n a l s  among t h e  observed 
outcomes. I n  o r d e r  f o r  t h i s  p a r t i c u l a r  s t a t i s t i c a l  a n a l y s i s  t o  be s u f f i -  
c i e n t l y  p o w e r f u l  t o  make c o n f i d e n t  d e c i s i o n s ,  much more s i m u l a t i o n  i s  neces- 
sary.  Fo r  example, a ch i -square  g o o d n e s s - o f - f i t  t e s t  n o r m a l l y  r e q u i r e s  a 
sample s i z e  s u f f i c i e n t l y  l a r g e  t h a t  each e n t r y  i n  t h e  m a t r i x  has an expected 
number o f  occur rences  of f i v e  o r  more. The l a r g e s t  expected occur rence a t  t h e  
bo t tom o f  Tab le  11 i s  o n l y  1.85, so the  r e s u l t s  here  must be i n t e r p r e t e d  
a c c o r d i n g l y .  
That  t h e  l i s t  o f  100 most h i g h l y  s t ressed  members i s  found t o  c o n t a i n  some 
repeated  members i s  an event  wh ich  i s  n o t  s u r p r i s i n g .  I n  f a c t ,  assuming a 
t r u l y  random s e l e c t i o n  among t h e  897 t r u s s  members, t h e  p r o b a b i l i t y  t h a t  a l l  
100 cases w i l l  occur  i n  d i f f e r e n t  members ( w i t h o u t  any r e p e a t s )  i s  o n l y  
0.00343. However, t h e  r e s u l t s  t e n d  t o  i n d i c a t e  t h a t  members l o c a t e d  a t  co rne r  
o r  i n t e r s e c t i o n  bays and members wh ich  a r e  co re  d i a g o n a l s  a r e  a t  a much h i g h e r  
r i s k  o f  r e c e i v i n g  h i g h  r e s i d u a l  s t resses  due t o  member l e n g t h  i m p e r f e c t i o n s  
than m i g h t  be expected. T h i s  r e s u l t  i s  p a r t i a l l y  e x p l a i n e d  by  t h e  compliance 
r e s u l t s  r e p o r t e d  i n  Tab le  10. 
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7.3 RANDOM IMPERFECTION-INDUCED MISALIGNMENT OF REFERENCE PLANES ATTACHED TO 
THE TRUSS MODEL 
One o f  t h e  concerns o f  des igne rs  o f  t h e  Space S t a t i o n  i s  t h e  geomet r ic  p r e c i -  
s i o n  o f  t h e  p r i m a r y  s t r u c t u r e  f o r  purposes o f  a t tachment  o f  i ns t rumen ts  f o r  
use i n  gu idance and a t t i t u d e  c o n t r o l .  Due t o  t h e  l a r g e  s i z e  o f  t h e  s t r u c t u r e ,  
i t  i s  l i k e l y  t h a t  s e n s i t i v e  i ns t rumen ts  w i l l  be l o c a t e d  a t  severa l  r e f e r e n c e  
s t a t i o n s  th roughout  t h e  t r u s s  and, t h e r e f o r e ,  s t r u c t u r a l  d i s t o r t i o n s  may cause 
d i f f i c u l t i e s  f o r  a t t i t u d e  measurement and c o n t r o l .  The s t r u c t u r a l  d i s t o r t i o n s  
may be caused by member- length i m p e r f e c t i o n s ,  o r  by smal l  thermal  g r a d i e n t s  
and random v a r i a t i o n s  i n  t h e  c o e f f i c i e n t  of  thermal  expansion i n  d i f f e r e n t  
members o f  t h e  t r u s s .  
To o b t a i n  some q u a n t i t a t i v e  e v a l u a t i o n  o f  such e f f e c t s ,  t h e  r e s u l t s  o f  a Monte 
C a r l o  s i m u l a t i o n  s tudy  were used t o  examine t h e  imper fec t i on - induced  m i s a l i g n -  
ment of two r e f e r e n c e  p lanes  a t t a c h e d  t o  t h e  t r u s s .  The two r e f e r e n c e  p lanes  
w e r e  assumed t o  be de termined by t h e  l o c a t i o n  o f  t h e  f o l l o w i n g  two s e t s  o f  
t h r e e  nodes each: Node numbers 30, 31  and 34 ( p l a n e  1) and node numbers 218, 
222 and 223 (p lane  2 ) .  The l o c a t i o n  o f  these p lanes  r e l a t i v e  t o  t h e  o v e r a l l  
t r u s s  i s  shown i n  F i g u r e  16. N o t e  t h a t  t h e  o u t e r  normal v e c t o r  o f  each r e f e r -  
ence p lane  i s  p a r a l l e l  t o  t h e  x - a x i s ,  i n  t h e  absence o f  s t r u c t u r a l  deforma- 
t i o n s .  
The s i m u l a t i o n  r e s u l t s  c o n s i s t  of an ensemble o f  100 cases genera ted  assuming 
zero-mean Gaussian member-length imper fec t i ons .  The s tandard  d e v i a t i o n  o f  t h e  
e f f e c t i v e  f i xed -end  member s t r a i n  was 1 x and a seed o r  s t a r t i n g  va lue  
o f  325 was used. The open- r i ng  t r u s s  model w i t h  s t a t i c a l l y  de te rm inan t  d i s -  
p lacement  boundary c o n d i t i o n s  a l o n g  t h e  p lane  of s e p a r a t i o n  was ana lyzed u s i n g  
t h e  p r e v i o u s l y  d e s c r i b e d  MSC/pal 2 so f tware .  
The v a r i a t i o n s  i n  member l e n g t h s  may be regarded as t h e  r e s u l t  o f  a de termin-  
i s t i c  tempera ture  change and random v a r i a t i o n s  i n  t h e  c o e f f i c i e n t  o f  thermal  
expansion i n  d i f f e r e n t  t r u s s  members, o r  i t  may be regarded as t h e  r e s u l t  o f  
random v a r i a t i o n s  i n  tempera ture  changes th roughout  t h e  t r u s s ,  o r  some combi- 
n a t i o n  o f  a l l  these e f f e c t s .  
Fo r  each o f  t h e  100 cases i n  t h e  ensemble, t h e  d e f l e c t i o n s  a t  t h e  t h r e e  nodes 
wh ich  d e f i n e  each r e f e r e n c e  p lane  were used t o  de termine the  l o c a t i o n s  o f  
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t hese  nodes i n  t h e  deformed c o n f i g u r a t i o n  o f  t h e  t r u s s .  The deformed nodal  
l o c a t i o n s  were t h e n  used t o  determine t h e  d i r e c t i o n  cos ines  o f  t h e  o u t e r  no r -  
mal v e c t o r s  o f  each r e f e r e n c e  plane. F i n a l l y ,  these d i r e c t i o n  cos ines  were 
used t o  de te rm ine  t h e  a n g l e  between o u t e r  normal v e c t o r s  o r ,  e q u i v a - l e n t l y ,  
t h e  a n g u l a r  m isa l i gnmen t  o f  r e f e r e n c e  planes. 
The s t a t i s t i c a l  r e s u l t s  f o r  a n g u l a r  m isa l i gnmen t  o b t a i n e d  f rom t h i s  s i m u l a t i o n  
a r e  g i v e n  i n  T a b l e  32. The va lues  o b t a i n e d  f o r  m isa l i gnmen t  a r e  q u i t e  smal l  
f o r  t h e  case considered.  S ince t h e  problem ana lyzed  i s  e n t i r e l y  l i n e a r ,  t h e  
r e s u l t s  f o r  d i f f e r e n t  va lues  o f  s tandard  d e v i a t i o n  o f  i n i t i a l  member s t r a i n  
may be o b t a i n e d  b y  s i m p l y  m u l t i p l y i n g  t h e  r e s u l t s  i n  Tab le  12 b y  t h e  a p p r o p r i -  
a t e  r a t i o  o f  s t a n d a r d  d e v i a t i o n s  o f  i n p u t  member s t r a i n s .  
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SECTION 8 
STEP-BY-STEP PROCEDURES FOR SIMILAR ANALYSIS OF GENERAL 
TRUSS STRUCTURES WITH RANDOM IMPERFECTIONS 
To p r o v i d e  maximum b e n e f i t  o f  t h i s  r e p o r t  t o  readers who i n t e n d  t o  p e r f o r m  
s i m i l a r  ana lyses  on t r u s s e s  i n  c o n f i g u r a t i o n s  o t h e r  than  t h a t  o f  t h e  Space 
S t a t i o n ,  a s u m a r y  o f  s tep-by-step procedures used t o  p e r f o r m  t h e  Monte C a r l o  
s i m u l a t i o n  i s  r e p o r t e d  i n  t h i s  s e c t i o n .  The p r i m a r y  a n a l y s i s  t o o l  used i n  t h e  
s i m u l a t i o n  s t u d y  i s  t h e  MSC/pal 2 f i n i t e  element program, and use r  f a m i l i a r i t y  
w i t h  t h i s  program i s  assumed. S ince t h e  MSC/pal 2 program genera tes  r a t h e r  
l a r g e  A S C I I  o u t p u t  f i l e s  and o v e r w r i t e s  i t s  own i n t e r n a l  b i n a r y  f i l e s  w i t h  
each case, t h e  t o t a l  amount o f  d i s k  s to rage  r e q u i r e d  t o  p e r f o r m  a s i z e a b l e  
Monte C a r l o  s i m u l a t i o n  can e a s i l y  exceed t h e  a v a i l a b l e  d i s k  s t o r a g e  on a 
microcomputer.  I n  o r d e r  t o  m i t i g a t e  these s to rage  requi rement  problems and t o  
s t r e a m l i n e  t h e  f i l e  h a n d l i n g  needed, t h r e e  a d d i t i o n a l  p rograms named RANZPAL, 
PALZBIN, and BINZSTAT were w r i t t e n  a t  A s t r o  Aerospace C o r p o r a t i o n  s p e c i f i c a l l y  
f o r  t h i s  purpose. A l i s t i n g  o f  t h e  source code o f  each o f  t hese  t h r e e  p r o -  
grams ( w r i t t e n  i n  C language) i s  p r o v i d e d  i n  Appendix 2 o f  t h i s  r e p o r t .  The 
programs prompt t h e  u s e r  f o r  t h e  r e q u i r e d  i n p u t  and a r e  reasonab ly  use r -  
f r i e n d l y .  D e t a i l e d  e x p l a n a t i o n  o f  t h e i r  use i s  o u t l i n e d  l a t e r  i n  t h i s  
s e c t i o n .  
The program RANZPAL i s  used t o  c r e a t e  an ensemble o f  pseudo random member tem- 
p e r a t u r e  changes t o  s i m u l a t e  t h e  i n p u t  member l e n g t h  i m p e r f e c t i o n s  f o r  PAL2 
s t r u c t u r a l  a n a l y s i s .  The r e s u l t i n g  i n p u t  f i l e s  may be s t o r e d  i n  b i n a r y  fo rm 
t o  save d i s k  space, and subsequent c a l l s  t o  RANZPAL may be used t o  e x t r a c t  a 
p a r t i c u l a r  case number f r o m  t h e  ensemble, expand i t  i n t o  A S C I I  form, and w r i t e  
i t  o u t  t o  d i s k  i n  a f o r m  s u i t a b l e  f o r  d i r e c t  i n p u t  as a l o a d  f i l e  t o  t h e  STAT2 
a n a l y s i s  program w i t h i n  t h e  MSC/pal 2 s o f t w a r e  package. 
A f t e r  p e r f o r m i n g  a s t r u c t u r a l  a n a l y s i s  of  a p a r t i c u l a r  case, t h e  PALZBIN p r o -  
gram may be used t o  read t h e  verbose PAL2 o u t p u t  A S C I I  f i l e s  f o r  d isp lacements 
and s t r e s s e s ,  compress them i n t o  b i n a r y  form, and append them t o  an a r c h i v e  
b i n a r y  s to rage  f i l e  f o r  l a t e r  process ing.  When a l l  cases have been run ,  and 
t h e  a r c h i v e  b i n a r y  s t o r a g e  f i l e s  f o r  d i sp lacemen t  and s t r e s s  a r e  complete,  t h e  
I program B I N Z S T A T  may be used t o  p e r f o r m  c e r t a i n  s t a t i s t i c a l  ana lyses  o f  t h e  
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r e s u l t s .  I n  p a r t i c u l a r ,  BIN2STAT can be used t o  scan t h e  b i n a r y  d isp lacement  
r e s u l t s  f i l e  and p r o v i d e  ensemble s t a t i s t i c s  (mean, s tandard  d e v i a t i o n ,  maxi -  
mum va lue ,  minimum va lue )  f o r  t h e  x ,  y, and z components o f  d isp lacement  a t  
any node i n  t h e  t r u s s .  Fur thermore,  i t  may a l s o  be used t o  scan t h e  b i n a r y  
s t r e s s  r e s u l t s  f i l e  and p r o v i d e  ensemble s t a t i s t i c s  f o r  t h e  l a r g e s t  s t r e s s  
which occurs  i n  any member o f  t h e  t r u s s .  I n  a d d i t i o n ,  t h e  program may be used 
t o  p r o v i d e  s t a t i s t i c a l  averages o f  s t r e s s e s  ac ross  a l l  members o f  t h e  t r u s s  i n  
a g i v e n  case s e l e c t e d  f rom t h e  ensemble. 
F o r  c l a r i t y ,  a t y p i c a l  complete t r u s s  a n a l y s i s  scenar io  i s  p resen ted  next .  
S tep-by-s tep  i n s t r u c t i o n s  a r e  p r o v i d e d  t o  gu ide  t h e  p o t e n t i a l  user  th rough t h e  
use o f  t h e  new so f tware ,  f rom model f o r m u l a t i o n  t o  t h e  i n t e r p r e t a t i o n  o f  
ensemble s t a t i s t i c s  f o r  nodal d isp lacements  and member s t r e s s .  
Step 1: Use a t e x t  e d i t o r  t o  c r e a t e  an A S C I I  f i l e  c o n t a i n i n g  t h e  geometry o f  
t h e  t r u s s  and p r o p e r t i e s  o f  t h e  m a t e r i a l s  used t o  make i t s  members 
u s i n g  PAL2 model d e f i n i t i o n  comnands (e.g., NODAL LOCATIONS, MATE- 
RIAL PROPERTIES,  BEAM TYPE 1, ZERO, CONNECT, END OF D E F I N I T I O N ,  
e t c . ) .  Be sure  t o  s e t  t h e  c o e f f i c i e n t  o f  thermal  expansion t o  one 
f o r  a l l  members, and t h e  r e f e r e n c e  tempera ture  t o  zero.  (An example 
i s  p r o v i d e d  i n  Appendix 1 by  t h e  l i s t i n g  o f  SPASTAT2,TXT f i l e . )  For  
i l l u s t r a t i o n ,  we r e f e r  t o  t h i s  new model f i l e  as TRUSS.TXT. 
S tep  2: The MSC/pal 2 program VIEW2 may be used t o  c r e a t e  t h r e e  d imens iona l  
l i n e  drawings  o f  t h e  newly c rea ted  model TRUSS.TXT i n  o r d e r  t o  v e r -  
i f y  t h e  geometry o f  t h e  model b e f o r e  a n a l y s i s .  
Step 3: A f t e r  t h e  TRUSS.TXT f i l e  has been v e r i f i e d  and i s  e r r o r  f r e e ,  t h e  
MSC/pal 2 program PAL2 can be r u n  i n  o r d e r  t o  " b u i l d  a new model." 
T h i s  r e q u i r e s  s e l e c t i n g  t h e  i n p u t  B f rom t h e  main menu. I n  response 
t o  t h e  query  f o r  da ta  s e t  name, t h e  model t e x t  f i l e  name TRUSS.TXT 
shou ld  be g iven.  PAL2 then c r e a t e s  seve ra l  i n t e r n a l  b i n a r y  f i l e s  
c o n t a i n i n g  t h e  t r u s s  u n r e s t r a i n e d  g l o b a l  s t i f f n e s s  m a t r i x ,  e t c .  
Step 4: Next ,  t h e  program RANZPAL (see Appendix 2) can be run  i n  o r d e r  t o  
genera te  an ensemble o f  pseudo random i n p u t  l o a d  cases. On t h e  
f i r s t  e x e c u t i o n  o f  t h e  RANZPAL program, an l l INPUT' l  f i l e  c o n t a i n i n g  
39 
sumnary i n f o r m a t i o n  about  t h e  t r u s s  (number o f  nodes, number o f  
elements, e t c . )  and t h e  d e s i r e d  s t a t i s t i c a l  p r o p e r t i e s  o f  t h e  ensem- 
b l e  o f  member l e n g t h  i m p e r f e c t i o n s  (ensemble s i z e ,  mean and s tandard  
d e v i a t i o n  o f  e f f e c t i v e  f i xed -end  member s t r a i n s ,  e tc . )  must be 
c rea ted .  T h i s  may be accomplished by  p r o v i d i n g  t h e  f o l l o w i n g  
responses t o  t h e  f i r s t  query generated by RAN2PAL. (On ly  t h e  char -  
a c t e r s  wh ich  appear t o  t h e  l e f t  o f  t h e  equal s i g n  shou ld  be typed 
and f o l l o w e d  by a " c a r r i a g e  r e t u r n . "  D e s c r i p t i v e  comments a r e  p r o -  
v i d e d  t o  t h e  r i g h t  o f  t h e  equal s ign. )  
TRUSS.INP = pathname o f  d e s i r e d  new i n p u t  f i l e  
The program responds w i t h  a message which reads l i k e  t h e  f o l l o w i n g :  
Opening new i n p u t  f i l e  C:TRUSS.INP 
and then  con t inues  by a s k i n g  a s e r i e s  o f  s t r a i g h t f o r w a r d  ques t i ons  
about  t h e  t r u s s  model and d e s i r e d  ensemble o f  pseudo random i n p u t .  
The q u e s t i o n s  r e q u i r e  e i t h e r  numer ica l  d a t a  as responses o r  A S C I I  
c h a r a c t e r  s t r i n g s  t o  fo rm t h e  d isp lacement  boundary c o n d i t i o n s  t o  be 
used i n  t h e  STAT2 a n a l y s i s .  The boundary c o n d i t i o n s  must be w r i t t e n  
u s i n g  t h e  MSC/pal 2 S o l u t i o n  D e f i n i t i o n  Commands (see Reference 4 
and Appendix 2, RANLOAD.TXT f i l e  f o r  examples). A b l a n k  l i n e  t e r m i -  
na tes  t h i s  i n p u t  phase, and causes t h e  program t o  p r e s e n t  a summary 
o f  parameters.  An o p p o r t u n i t y  f o r  da ta  c o r r e c t i o n s  i s  p rov ided ,  and 
when a l l  c o r r e c t i o n s  a r e  f i n i s h e d ,  a ze ro  may be en te red  t o  move on 
t o  t h e  random number g e n e r a t i o n  phase. A t  t h i s  p o i n t ,  t h e  user  i s  
asked t o  i n d i c a t e  whether  t h e  generated l o a d  f i l e s  shou ld  be w r i t t e n  
t o  d i s k  i n  expanded A S C I I  fo rm (A) ,  compressed b i n a r y  f o r m  ( B ) ,  o r  
b o t h  (C). Unless t h e  problem b e i n g  r u n  i s  v e r y  sma l l ,  i t  i s  recom- 
mended t h a t  o p t i o n  B be se lec ted :  
B = w r i t e  o n l y  a compressed b i n a r y  f i l e  
The program i m n e d i a t e l y  beg ins  g e n e r a t i n g  t h e  pseudo random i n p u t  
f i l e s  and s t o r i n g  them i n  a s i n g l e  b i n a r y  f i l e  named ( i n  t h i s  case) 
TRUSS.BIN. Messages a r e  p r o v i d e d  on t h e  v ideo  m o n i t o r  t o  i n d i c a t e  
p rog ress  on t h e  computat ion,  s i n c e  a l a r g e  Monte C a r l o  s i m u l a t i o n  
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may r e q u i r e  a s i g n i f i c a n t  amount o f  t i m e  on a s low machine t o  gener-  
a t e  these  i n p u t  f i l e s .  
A t  t h e  c o n c l u s i o n  o f  t h e  program, a check o f  t h e  d i r e c t o r y  w i l l  show 
t h a t  t w o  f i l e s  have been w r i t t e n :  TRUSS.INP,  wh ich  c o n t a i n s  sumnary 
i n f o r m a t i o n  about  t h e  t r u s s  and random loads ,  and TRUSS. B I N ,  which 
c o n t a i n s  t h e  complete ensemble o f  random l o a d  cases, s t o r e d  i n  
b i n a r y  fo rmat .  
Step 5: Run RANZPAL a second t i m e  t o  e x t r a c t  an expanded A S C I I  v e r s i o n  o f  
t h e  f i r s t  case i n  t h e  ensemble, case 0. T h i s  i s  done by p r o v i d i n g  
t h e  f o l l o w i n g  responses: 
TRUSS.INP = pathname o f  e x i s t i n g  i n p u t  f i l e  
The program responds w i t h  t h e  sumnary o f  parameters cor respond ing  t o  
t h e  s i m u l a t i o n  and aks i f  t h e r e  a r e  c o r r e c t i o n s :  
0 = no c o r r e c t i o n s  t o  d i s p l a y e d  parameter  va lues  
The program responds w i t h  t h e  message: A p r e v i o u s l y  genera ted  
b i n a r y  f i l e  o f  random va lues  w i l l  be used. Separate PAL2 l o a d  f i l e s  
w i  11 be w r i t t e n .  
Next ,  t h e  program prompts f o r  t h e  d e s i r e d  case number: 
0 = f i r s t  case number i n  t h e  b i n a r y  f i l e  
The program responds w i t h  a message t h a t  case number 0 i s  b e i n g  read 
f r o m  t h e  b i n a r y  f i l e ,  then  i t  w r i t e s  an A S C I I  f i l e  named ( i n  t h i s  
case)  TRUSS.00 c o n t a i n i n g  t h e  PAL2 l o a d  f i l e  f o r  r u n n i n g  t h e  f i r s t  
case i n  t h e  ensemble. 
Step 6:  Run t h e  MSC/pal 2 program STAT2 t o  compute t h e  s t r u c t u r a l  response 
t o  t h i s  f i r s t  l o a d  case. I n  runn ing  STAT2, t h e  user  shou ld  s e l e c t  
t h e  " S "  o r  S t a t i c  A n a l y s i s  o p t i o n ,  and read an i n p u t  d a t a  s e t  whose 
name i s  TRUSS.00. 
Step 7 :  Be fo re  e x i t i n g  STAT2, t h e  "D" o r  Data Recovery o p t i o n  shou ld  be 
e x e r c i s e d  t w i c e  t o  e x t r a c t  A S C I I  o u t p u t  f i l e s  f o r  nodal d i s p l a c e -  
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ments and member s t resses .  The fo rmat  of these f i l e s  i s  i m p o r t a n t  
f o r  t h e  subsequent use o f  t he  f i l e  management program PAL2BIN, wh ich  
i s  d iscussed l a t e r .  
To e x t r a c t  t h e  d isp lacement  o u t p u t ,  t h e  user  shou ld  f i r s t  s e l e c t  t he  
" D "  o r  Data Recovery o p t i o n ,  then t h e  I'D" o r  Outpu t  t o  D isk  o p t i o n .  
Next ,  a temporary f i l e  name such as DISP.PRT shou ld  be p r o v i d e d  as 
t h e  d e s t i n a t i o n  o f  t h e  o u t p u t  d isp lacements.  The f o l l o w i n g  o u t p u t  
f o rma t  o p t i o n s  shou ld  be s e l e c t e d  nex t :  
N = No components o f  a p p l i e d  f o r c e s  p r i n t e d  
N = No components o f  e x t e r n a l  f o r c e s  p r i n t e d  
F = a l l  d e f i n e d  components o f  d isp lacements  p r i n t e d  
N = No element s t r e s s  o u t p u t  p r i n t e d  
The program then c r e a t e s  an A S C I I  f i l e  named DISP.PRT c o n t a i n i n g  ( i n  
verbose  f o r m a t )  t h e  o u t p u t  nodal d isp lacements  f rom t h e  s t r u c t u r a l  
a n a l y s i s .  
To e x t r a c t  t h e  element s t r e s s  o u t p u t ,  t h e  use r  shou ld  a g a i n  s e l e c t  
t h e  o r  Data Recovery o p t i o n ,  f o l l o w e d  by t h e  I 'D"  o r  Output  t o  
D i s k  op t i on .  Then, ano the r  temporary f i l e  name such as STRN.PRT 
shou ld  be p r o v i d e d  as t h e  d e s t i n a t i o n  o f  t h e  o u t p u t  s t resses .  The 
f o l l o w i n g  o u t p u t  f o rma t  o p t i o n s  shou ld  be se lec ted :  
N = No components o f  a p p l i e d  f o r c e s  p r i n t e d  
N = No components o f  e x t e r n a l  f o r c e s  p r i n t e d  
N = No components o f  d isp lacements  p r i n t e d  
F = A l l  element s t r e s s e s  ana lyzed 
1 = P r i n t  l e v e l  1, average nodal s t r e s s e s  
-b lank -  = P r i n t  a l l  s t resses ,  no m a t t e r  how smal l  
-b lank -  = P r i n t  s t resses  f o r  every  element i n  t r u s s  
The program c r e a t e s  an A S C I I  f i l e  named STRN.PRT c o n t a i n i n g  ( i n  v e r -  
bose fo rma t )  t h e  o u t p u t  element s t r e s s e s  f rom t h e  s t r u c t u r a l  
ana l  ys i s. 
A t  t h i s  p o i n t ,  t h e  a n a l y s i s  o f  t h e  f i r s t  case i n  t h e  ensemble i s  
complete and t h e  user  shou ld  s e l e c t  t h e  "Q" or Q u i t  o p t i o n  i n  STAT2. 
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Step 8: Next ,  t h e  f i l e  management program PALZBIN (see Appendix 2)  can be 
r u n  t w i c e  t o  c r e a t e  a r c h i v e  b i n a r y  s to rage  f i l e s  f o r  o u t p u t  d i s -  
placement and s t resses .  
To c r e a t e  new b i n a r y  s to rage f i l e s  on t h e  f i rs t  execu t ion  o f  
PAL2BIN, t h e  f o l l o w i n g  o p t i o n s  shou ld  be se lec ted :  
i = i n i t i a l i z e  t h e  b i n a r y  s to rage f i l e  
d = t o  dea l  w i t h  nodal  d isp lacements  
TRUSS.INP = ASCII - f rom c o n f i g u r a t i o n  f i l e  w i t h  
ex tens ion  . INP 
The program then  c r e a t e s  a new b i n a r y  s to rage  f i l e  names TRUSS.DIS 
i n  wh ich  t o  s t o r e  compressed STAT2 d isp lacement  o u t p u t  r e s u l t s .  
A new b i n a r y  s to rage  f i l e  f o r  s t r e s s  o u t p u t  may be c r e a t e d  n e x t  by  
ano the r  e x e c u t i o n  o f  PALZBIN i n  which t h e  f o l l o w i n g  o p t i o n s  a r e  
se lec ted :  
i = i n i t i a l i z e  t h e  b i n a r y  s to rage  f i l e  
s = t o  dea l  w i t h  s t r u t  s t r e s s e s  
TRUSS.INP = ASCII - form c o n f i g u r a t i o n  f i l e  w i t h  
ex tens ion  . I N P  
The program then c r e a t e s  another  new b i n a r y  s t o r a g e  f i l e  named 
TRUSS.STR i n  which t o  s t o r e  compressed STAT2 s t r e s s  o u t p u t  r e s u l t s .  
Step 9: The STAT2 o u t p u t  d isp lacements  i n  D ISP.PRT may be compressed and 
appended t o  TRUSS.DIS by  ano the r  e x e c u t i o n  o f  PALZBIN i n  wh ich  t h e  
f o l l o w i n g  o p t i o n s  a r e  se lec ted :  
a = t o  add o u t p u t  f rom a PAL2 d a t a  f i l e  
d = t o  dea l  w i t h  nodal  d isp lacements  
DISP.PRT = pathname o f  PAL2 d a t a  f i l e  
1 = number o f  cases i n  t h i s  PAL2 f i l e  
TRUSS.DIS = pathname o f  b i n a r y  d a t a  f i l e  w i t h  
ex tens ion  . D I S  
The program responds by  compressing and appending t h e  nodal  d i s -  
p lacements i n  DISP.PRT t o  TRUSS. D I S .  
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S i m i l a r l y ,  t he  o u t p u t  s t resses  i n  STRN.PRT may be compressed and 
appended t o  TRUSS.STR by a f i n a l  e x e c u t i o n  o f  PALZBIN i n  which t h e  
f o l l o w i n g  o p t i o n s  a r e  se lec ted :  
a = t o  add o u t p u t  from a PAL2 d a t a  f i l e  
s = t o  dea l  w i t h  s t r u t  s t resses  
STRN.PRT = pathname o f  PAL2 d a t a  f i l e  
1 = number o f  cases i n  t h i s  PAL2 f i l e  
TRUSS.STR = pathname o f  b i n a r y  da ta  f i l e  w i t h  
ex tens ion  .STR 
The program responds by compressing and appending t h e  member 
s t r e s s e s  i n  TEMP.STR t o  TRUSS.STR. A t  t h i s  p o i n t  t h e r e  i s  no f u r -  
t h e r  need f o r  t h e  A S C I I  f i l e s  TRUSS.00, DISP.PRT,  and STRN.PRT, and 
they  shou ld  be d e l e t e d  t o  p r o v i d e  m o r e  d i s k  s to rage  space f o r  t he  
n e x t  case i n  t h e  ensemble. 
Step 10: Repeat Steps 5,  7, and 9, each t i m e  e x t r a c t i n g  and p rocess ing  t h e  
n e x t  case i n  t h e  ensemble o f  random i n p u t  l oads  u n t i l  t h e  ensemble 
a n a l y s i s  i s  complete. 
Step 11: The s t a t i s t i c a l  a n a l y s i s  pos tp rocesso r  program BINZSTAT (see 
Appendix 2 )  may be used a t  t h i s  p o i n t  t o  genera te  ensemble s t a t i s -  
t i c s  on t h e  r e s u l t s .  
To examine t h e  nodal  d isp lacement  r e s u l t s ,  t h e  f o l l o w i n g  o p t i o n s  
i n  BIN2STAT shou ld  be se lec ted :  
d = t o  examine d isp lacements 
TRUSS.DIS = name o f  b i n a r y  DISplacement s to rage  
f i l e  t o  be read 
The program responds w i t h  a summary o f  parameters cor respond ing  t o  
t h e  ensemble o f  r e s u l t s  i n  t h e  s to rage  f i l e ,  and prompts t h e  user  
f o r  a node number f o r  s t a t i s t i c a l  a n a l y s i s .  Fo r  each node number 
s e l e c t e d ,  t h e  program p r o v i d e s  t h e  ensemble s t a t i s t i c s  (mean, s tan -  
da rd  d e v i a t i o n ,  maximum and minimum va lues  w i t h  cor respond ing  case 
numbers) f o r  d e f l e c t i o n s  i n  t h e  x ,  y and z d i r e c t i o n s .  
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When f i n i s h e d  examin ing t h e  d isp lacements ,  an " x "  shou ld  be en tered ,  
wh ich  r e t u r n s  t h e  use r  t o  t h e  main menu, where s t r e s s  r e s u l t s  may be 
s e l e c t e d  f o r  r e v i e w  by s p e c i f y i n g  t h e  f o l l o w i n g  i n p u t :  
s = t o  examine s t resses  
TRUSS.STR = name o f  b i n a r y  STRess s to rage  
f i l e  t o  be read 
The program responds w i t h  a summary o f  t h e  parameters cor respond ing  
t o  t h e  ensemble o f  r e s u l t s  i n  t h e  s to rage  f i l e .  E n t e r i n g  any key 
then  causes t h e  program t o  genera te  ensemble s t a t i s t i c s  f o r  t h e  most 
h i g h l y  s t r e s s e d  member i n  each case. The r e s u l t s  d i s p l a y e d  i n c l u d e  
t h e  average,  s tandard  d e v i a t i o n ,  and g l o b a l  maximum va lue  o f  t h e  
maximum s t r e s s  i n  each case. 
Next ,  t h e  program prompts t h e  user  f o r  a case number f o r  more 
d e t a i l e d  a n a l y s i s .  Fo r  each case s e l e c t e d ,  t h e  program then p r o -  
v i d e s  s t a t i s t i c a l  r e s u l t s  across  a l l  members i n  t h e  t r u s s ,  i n c l u d i n g  
average,  s tandard  d e v i a t i o n ,  and maximum s t r e s s  ( i n c l u d i n g  element 
ID number f o r  most h i g h l y  s t ressed  member). 
When f i n i s h e d  examin ing s t resses ,  t h e  user  must e n t e r  " x "  t o  r e t u r n  
t o  t h e  main menu, and "Q" t o  t e r m i n a t e  t h e  program. 
Automated Process ing :  F o l l o w i n g  t h e  f o r e g o i n g  s tep-by-s tep  process  f o r  a 
l a r g e  number o f  cases would r e q u i r e  t h e  a t t e n t i o n  o f  t h e  a n a l y s t  f o r  a p r o h i b -  
i t i v e l y  l o n g  t i m e .  F o r  t h i s  reason, t h e  program RANZPAL and PALZBIN a r e  each 
a b l e  t o  be r u n  f r o m  a command l i n e .  Thus, t h e  command: 
RANZPAL TRUSSNAME M 
w i l l  e x t r a c t  t h e  Mth case o f  random s t r a i n s  and w r i t e  t h e  STAT2 i n p u t  f i l e  
TRUSSNAME.M. 
c S i m i l a r l y ,  t h e  command l i n e s :  
PALZBIN D I S  TRUSSNAME.DIS DISP.PRT 
PALZBIN STR TRUSSNAME.STR STRN.PRT 
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w i l l  t a k e  t h e  PAL2 o u t p u t  f i l e s  DISP.PRT and STRN.PRT and a p p e n d  t h e m ,  i n  
b i n a r y  f o r m ,  t o  t h e  s t o r a g e  f i l e  TRUSSNAME.DIS and TRUSSNAME.STR, r e s p e c -  
t i v e l y .  
T h e s e  command l i n e s  c a n  b e  u s e d  t o g e t h e r  w i t h  b a t c h  f i l e s  t o  run 100 c a s e s  a s  
f o l l o w s :  
1) P r e p a r e  by p e r f o r m i n g  s t e p s  1 t h r o u g h  6 and s t e p  8. Make  s u r e  t h a t  
t h e  b i n a r y  i n p u t  f i l e ,  TRUSS.BIN, c o n t a i n s  a t  l e a s t  100 c a s e s .  
2 )  E x e c u t e  t h e  command l i n e :  
FOR %I I N ( 0  1 2 3 4 5 6 7 8 9) DO C:COMMAND / C  RUNRAN TRUSS %I 
T h e  b a t c h  f i l e  RUNRAN.BAT c o n t a i n s  t h e  f o l l o w i n g  commands: 
FOR %%J I N ( 0  1 2 3 4 5 6 7 8 9) DO RANZPAL %1 %2%%J 
DEL ESPRAN.TXT 
REN %1.%2%%J EPSRAN.TXT 
STAT2 <CMD1 
STAT2 <CMD2 
P A L Z B I N  D I S  % l . D I S  DISP.PRT 
P A L Z B I N  STR %l.STR STRN.PRT 
When c o m p l e t e ,  t h e  da ta  s e t  f o r  100 c a s e s  i s  f o u n d  i n  t h e  o u t p u t  f i l e s  
DISP.PRT and STRN.PRT. N o t e  t h a t  t h e  f o r - d o  l o o p s  g e n e r a t e  t h e  c a s e  n u m b e r .  
T h e  p i p e s  f e e d  STAT2 w i t h  t h e  n e c e s s a r y  r e s p o n s e s .  T h e  i n p u t  f i l e s  CMDl and 























Note t h a t  when STAT2 i s  f i r s t  run,  i t  looks  f o r  more i n p u t  a f t e r  s o l v i n g  f o r  
ESPRAN.TXT and f i n d s  none. I t  a c c o r d i n g l y  e x i t s  w i t h  an e r r o r  message, b u t  i s  
ready t o  be r u n  a g a i n  f o r  e x t r a c t i n g  t h e  data.  
The f o r e g o i n g  process  takes  about  10 hours f o r  100 cases on a Compaq 386 
compute r . 
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TABLE 1. 
A l g o r i t h m  
CHI-SQUARE VALUES FOR OISTRIBUTION OF PSEUDO STANDARD 
NORMAL VARIATE USING 14 EQUIPROBABLE INTERVALS COVERING 
THE REAL NUMBER LINE.  
S a m p l e  x 2  V a l u e s  A v e r a g e  
S i z e  S e e d  V a l u e  Un = X 2  
M i c r o s o f t  C 
R o u t i n e s ,  rand ( )  
and S r a n d ( )  
n 325 320 330 340" 
100 7.80 13.69 9.48 6.40 
1000 7.56 10.89 --  -- 
5000 11.02 11.98 -- -- 
IMSL R o u t i n e  





V a l u e  







21.53 21.53 17.05 
11.17 -- -- 
11.70 -- -- 
33.29 9.48 8.36 
16.58 --  -- 
-- -- 8.81 









-- 120.15 I 14.39 
11.45 13.27 
--  13.62 
17.41 12.26 
A l g o r i t h m  
M i c r o s o f t  C R o u t i n e s  
r a n d  ( )  and S r a n d  ( )  
x 2  V a l u e s  A v e r a g e  
S e e d  V a l u e  Uo = X 2  
325 320 123123 V a l u e  
10.00 5.40 12.60 9.33 
IMSL R o u t i n e  GGUBS ( )  
P e e r l e s s  A l g o r i t h m  
9.00 10.00 7.60 8.87 
17.60 6.80 14.40 12.93 
TABLE 2. 
CHI-SQUARE VALUES FOR DISTRIBUTION OF PEAKS I N  50 SEQUENCES 
OF 100 PSEUDO STANDARD NORMAL VARIATES EACH USING 10 EQUI -  
PROBABLE INTERVALS COVERING THE P O S I T I V E  REAL NUMBER L INE.  




Node Mean D e v i a t i o n  
273 0.01047 i n  0.16461 i n  
(0.266 mm) (4.181 mn) 
274 0.01036 i n  0.16445 i n  
(0.263 m) (4.177 mm) 
275 0.00815 i n  0.17414 i n  
(0.207 m) (4.423 mn) 
276 0.00818 i n  0.17406 i n  
(0.208 m) (4.421 m) 
RING-CLOSING MISMATCH DEFLECTIONS DUE TO PSEUDO GAUSSIAN MEMBER 
LENGTH IMPERFECTIONS WITH MEAN STRAIN = 0, STANDARD D E V I A T I O N  = 
1 x 10-5, SEED = 325, ENSEMBLE SIZE = 100 CASES 
Maxi mum Case Minimum Case 
Value No. Value No. 
0.39961 i n  (61) -0.32613 i n  (13)  
0.39849 i n  (61) -0.32848 i n  (13)  
0.42101 i n  (61 )  -0.32740 i n  (18) 
0.42236 i n  (61) -0.32848 i n  (18) 
(10.150 mn) (-8.284 mn) 
(10.122 mm) (-8.343 ITNTI) 
(10.694 m) (-8.316 m) 




Standard Maxi mum Case Minimum Case 
Mean Devi at i on Val ue No. Value No. 
0.00063 i n  0.06865 i n  0.17317 i n  (10) -0.14461 i n  (84) 
-0.00202 i n  0.06487 i n  0.13372 i n  (20) -0.14947 i n  (26) 
(0.016 mm) (1.744 mn) (4.399 mn) (-3.673 mn) 
(-0.051 mml 11.648 mm) (3.396 mm) (-3.797 mn\ 
275 
276 
0.00191 i n  0.07886 i n  0.19987 i n  (10) -0.16909 i n  (84) 
-0.00127 i n  0.07495 i n  0.16222 i n  (20) -0.16535 i n  (87) 
(0.049 m) (2.003 m) (5.077 m) (-4.295 mn) 







Standard Maxi mum Case Minimum Case 
Mean Devi a t  i on Value No. Value No. 
-0.00005 i n  0.06588 i n  0.13707 i n  (28) -0.17989 i n  (41) 
-0.00248 i n  0.06446 i n  0.13905 i n  (28)  -0.20840 i n  (41) 
-0.00033 i n  0.06592 i n  0.13706 i n  (78) -0.18381 i n  (41) 
-0,00233 i n  0.06441 i n  0.13660 i n  (28) -0.20547 i n  (41) 
(-0.001 m) (1.673 mn) (3.482 mn) (-4.569 mn) 
(-0.063 IIIII) (1.637 mm) (3.532 mn) (-5.293 m) 
(-0.008 m) (1.674 mn) (3.481 mn) (-4.669 m) 
(-0.059 mn) (1.636 mn) (3.470 mn) (-5.219 mn) 
TABLE 4. 
Node 
RING-CLOSING MISMATCH DEFLECTIONS DUE TO PSEUDO UNIFORMLY D I S T R I -  
BUTED MEMBER LENGTH IMPERFECTIONS WITH MEAN S T R A I N  = 0, RANGE = 
S I Z E  = 100 CASES 
+_io-5 (STANDARD DEVIATION = 5.77 x i o + ,  SEED = 325, ENSEMBLE 
Standard Maxi mum Case Minimum Case 





-0.00687 i n  0.09558 i n  0.20897 i n  (13)  -0.22883 i n  (85)  
-0.00681 i n  0.09552 i n  0.21028 i n  (13) -0.22694 i n  (85)  
-0.00588 i n  0.10131 i n  0.20751 i n  (13)  -0.24175 i n  (74)  
-0.00593 i n  0.10128 i n  0.20910 i n  (13) -0.23992 i n  (74)  
(-0.174 mm) (2 ,428  mm) (5.308 mm) (-5.812 mm) 
(-0.173 m) (2.426 mm) (5.341 mm) (-5.764 mm) 
(-0.149 m) (2.573 m) (5.271 m) (-6.140 m) 
(-0.151 ITIKI) (2.573 m) (5.311 mm) (-6.094 m) 
Y - D I R E C T I O N  DEFLECTIONS 
I I I Standard I Maximum Case I Minimum Case I 
27 3 
Node I Mean I D e v i a t i o n  I Value No. I Value No. 
I I 
0.00077 i n  0.04088 i n  0.09914 i n  (84)  -0.09867 i n  (10)  
(0.020 m) (1.038 m) (2.518 mm) (-2.506 mm) 
274 0.00217 i n  0.03861 i n  0.10110 i n  (26)  -0.07505 i n  (53)  
(0.055 m) (0.981 mm) (2.568 m) (-1.906 IVI) 
275 
276 
0.00007 i n  0.04680 i n  0.11500 i n  (84)  -0.11302 i n  (10)  
0.00174 i n  0.04466 i n  0.10926 i n  (26)  -0.08545 i n  (53)  
(0.002 m) (1.189 mm) (2.921 m) (-2.871 mm) 







Standard Maxi mum Case Minimum Case 
Mean D e v i a t i o n  Value No. Value No. 
0.00059 i n  0.04065 i n  0.10999 i n  (41)  -0.09157 i n  (28)  
0.00136 i n  0.04004 i n  0.12498 i n  (41)  -0.09387 i n  (28)  
0.00051 i n  0.04066 i n  0.11189 i n  (41)  -0.09072 i n  (28)  
0.00130 i n  0.04002 i n  0.12309 i n  (41)  -0.09223 i n  ( 2 8 )  
(0.015 m) (1.033 m) (2.794 mm) (-2.326 m) 
(0.035 m) (1.017 mm) (3.174 mm) (-2.384 mm) 
(0.013 mm) (1.033 mm) (2.842 mm) (-2.304 m) 
(0.033 mm) (1.017 mm) (3.126 mm) (-2.343 mm) 
TABLE 5. 
D i  s t r i b u t  i on 
Shape [ + 1 [ + 1 
Gauss i an 929.0 i n  16,930.0 i n  
(23.60 m) (430.0 m) 
U n i f o r m  -1,104.0 i n  17,047.0 i n  
(-28.04 m) (433.0 m) 
EFFECTS OF D I S T R I B U T I O N  SHAPE ON NORMALIZED RING-CLOSING MISMATCH 
DEFLECTIONS DUE TO PSEUDO RANDOM MEMBER LENGTH IMPERFECTIONS W I T H  
MEAN S T R A I N  = 0, ENSEMBLE S I Z E  = 100 CASES EACH 
Xmax [ 71 [ x;:" 1 ,  
41,040.0 i n  -32,760.0 i n  
(1,042.0 m) (-832.1 m) 
36,190.0 i n  -40,590.0 i n  
(919.2 m) (-1,031.0 m) 
[ + ] D i s t r i b u t i o n  Shape [ y!:x ] 
Gaussian 7,183.0 i n  
(182.4 m) 
U n i f o r m  
16,720.0 i n  
(424.7 m) 
Y - D I R E C T I O N  NORMALIZED DEFLECTIONS 
7,402.0 i n  
(188.0 m) 
[+] 
18,380.0 i n  
(466.9 m) 
-18.75 i n  
(-0.476 m) 
D i s t r i b u t i o n  Shape 
Gaussian 
Un i fo rm 
205.7 i n  
(5.225 m) 
[*] [SI [TI Zma x [ z::"] 
-129.8 i n  6,517.0 i n  13,740.0 i n  -19,440.0 i n  
(-3.297 m) (165.5 m) (349.0 m) (-493.8 m) 
162.8 i n  6,988.0 i n  20,350.0 i n  -15,950.0 i n  
(4.135 m) (177.5 m) (516.9 m) (-405.2 m) 
[ y!;n ] 
-15,713.0 i n  
(-399.1 m) 
















SIMULATION RESULTS FOR RESIDUAL MEMBER STRESSES I N  AN ENSEMBLE 
OF 100 SETS OF GAUSSIAN I N I T I A L  MEMBER-LENGTH IMPERFECTIONS 
EFFECTIVE FIXED-END MEMBER STRAIN = 0, STANDARD DEVIAT ION = 
(MEAN 
1 x 10-5, SEED = 325) 
S T A T I S T I C S  OF APPROXIMATE STATIS-  
MEMBER STRESSES T I C S  OF MEMBER LOADS MAXIMUM VALUE OF MEMBER 
p s i  p s i  lbs lbs p s i  lbs MENT 
( N /m2) (MN/m2) (N)  (N )  (MN/m2) (N)  I D  NO. 
Mean  S t d .  Dev. Mean S t d .  Dev. S t r e s s  L o a d  ELE- 
-0.0125 82 30 -0 00457 30.10 283.90 103.82 151 
(-86.2) (0.5677) (-0.02034) (133.90) (1.958) (461.84) 
-0.0722 96.19 -0.02640 35.18 408.70 149.45 325 
(-497.7) (0.6635) (-0.11748) (156.50) (2.819) (664.83) 
(179.3) (0.5885) (0.04232) (138.79) (1.742) (410.73) 
-0.0666 75 57 -0.02435 27.63 294.30 107.62 431 
(-459.4) (0.5212) (-0.10836) (122.91) (2.030) (478.75) 
(768.4) (0.5621) (0.18129) (132.57) (2.064) (243.45) 
(-64.84) (0.5992) (-0.01531) (141.33) (2.936) (692.50) 
(162.8) (0.6142) (0.03840) ( 144.84) (3.165) (746.50) 
-0.0477 87.81 -0.01744 32.11 376.30 137.61 897 
(-329.0) (0.6057) (-0.07761) (142.84) (2.596) (612.16) 
-0.0589 89.65 -0.02154 32.78 452.30 165.40 780 
(-406.3) (0.6184) (-0.09585) (145.82) (3.120) (735.78) 
(-42.8) (0.7651) (-0.01010) (180.43) (3.404) (802.78) 
0.0260 85.32 0.00951 31.20 252.50 92.33 431 
0.1114 81.49 0.04074 29.80 299.30 54.73 439 
-0.0094 86.87 -0.00344 31.77 425.70 155.67 434 
0.0236 89.04 0.00863 32.56 458.90 167.81 544 
-0.0062 110.93 -0.00227 40.56 493.50 180.46 199 
E n s e m b l e  S t a t i s t i c s  o f  L a r g e s t  Member S t r e s s  
Mean  = 359.03 p s i  (2.477 MN/m2) 
S t a n d a r d  D e v i a t i o n  = 59.114 p s i  (0.408 MN/m2) 
( o c c u r r i n g  i n  e l e m e n t  188 f o r  c a s e  56) 
E n s e m b l e  Max imum o f  Largest  Member S t r e s s  = 497.30 p s i  (3.431 MN/m2) 
S a m p l e  of  T e n  R e s u l t s  f r o m  t h e  E n s e m b l e  
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TABLE 7. 
APPROXIMATE STATIS-  
T I C S  OF MEMBER LOADS 
Mean = 201.58 p s i  (1.391 MN/m2) 
E n s e m b l e  Max imum o f  L a r g e s t  Member S t r e s s  = 273.90 p s i  (1.890 MN/m2) 
( o c c u r r i n g  i n  e l e m e n t  544 f o r  c a s e  65) 
S t a n d a r d  D e v i a t i o n  = 28.519 p s i  (0.1968 MN/m2) 
MAXIMUM VALUE OF MEMBER 












































SIMULATION RESULTS FOR RESIDUAL MEMBER STRESSES I N  AN ENSEMBLE 
OF 100 SETS OF UNIFORMLY DISTRIBUTED I N I T I A L  MEMBER-LENGTH 
IMPERFECTIONS (MEAN EFFECTIVE FIXED-END MEMBER STRAIN = 0, 
RANGE = 21 x 10-5, STANDARD DEVIATION = 5.77 x 10-6, SEED = 325) 









STATIST ICS OF 
MEMBER STRESSES 























D I S T R I B U T I O N  
SHAPE 
EFFECTS OF D ISTRIBUTION SHAPE ON NORMALIZED 
LARGEST RESIDUAL MEMBER STRESS DUE TO RANDOM 
FECTION = 0, AND ENSEMBLE S I Z E  = 100 CASES EACH 
MEMBER-LENGTH IMPERFECTIONS, WITH MEAN IMPER- 
MEAN OF MAXIMUM STD. DEV. OF MAX. LARGEST MAX. STRESS 
STRESS STRESS I N  ENSEMBLE 
a€  (J€ a€  
G a u s s  i an 
I I I I I 1 I 
35.9 x IO 6 p s i  5.91 x 10 p s i  49.7 x 106 p s i  
(248 GN/m2) (40.9 GN/m2) (343 GN/m2) 








TYPE AND LOCATION OF MOST HIGHLY STRESSED MEMBER I N  EACH OF 
100 CASES FOR ZERO-MEAN GAUSSIAN I N I T I A L  MEMBER LENGTH 
IMPERFECTIONS (SEED = 325). NUMBERS I N  PARENTHESES REPRESENT 
EXPECTED NUMBER OF OCCURRENCES I N  A TRULY RANDOM D I S T R I B U T I O N  











C o r n e r s  and 
I n t e r s e c t i o n s  
12 
(18.28) 
C e n t r a l  




T r a n s v e r s e  Beam 
5 
(0.78) 
L o w e r  
T r a n s v e r s e  Beam 
U p p e r  S t a r b o a r d  
V e r t i c a l  Beam 
0 
(3.12) 
L o w e r  S t a r b o a r d  
V e r t i c a l  Beam 
U p p e r  P o r t  
V e r t i c a l  Beam 
L o w e r  P o r t  























































D I AGONALS 
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REGION OF TRUSS 
Mid-Bay o f  C e n t r a l  
T ransverse  Beam 
COMPLIANCE OF TRUSS MEMBERS OF VARIOUS TYPE AND LOCATION 
DETERMINED BY D E T E R M I N I S T I C  FINITE ELEMENT ANALYSIS. 
ELEMENT TYPE 
Longeron B a t t e n  Core D iagona l  
i n / l b  (mn/kN) i n / l b  (mn/kN) i n / l b  ( m / k N ]  
(0.759) (2.934) (0.594) 
1.33 x 5.14 x 1.04 x 
I n t e r s e c t i o n  o f  
C e n t r a l  T ransverse  
and P o r t  V e r t i c a l  
Beams 
I I I 
I I I 
1.27 x 1.38 x 0.864 x 
(0.725) (0.788) (0.493) 
Corner  o f  P o r t  
V e r t i c a l  and Lower 
Transverse  Beams 
I I I 
I I 1 
1.34 x 2.61 x 0.938 x 10-4 
(0.765) (1.490) (0.535) 
Face Diagonal  
i n / l b  ( m / k N )  
(1.376) 








TYPE AND LOCATION OF MEMBERS WHOSE STRESS I S  LARGEST I N  
TWO OR MORE OF THE 100 CASES. ZERO-MEAN GAUSSIAN I N I T I A L  
MEMBER-LENGTH IMPERFECTIONS (SEED = 3 2 5 )  WERE USED. NUM- 
BERS I N  PARENTHESES REPRESENT EXPECTED NUMBER OF OCCURRENCES 
I N  A TRULY RANDOM DISTRIBUTION AMONG A L L  TRUSS MEMBERS. 
(0.53) (2.16) I 
Members  Whose S t r e s s  i s  L a r g e s t  i n  2 o r  M o r e  C a s e s  
Members  Whose S t r e s s  i s  L a r g e s t  i n  3 o r  More C a s e s  
Members  Whose S t r e s s  i s  L a r g e s t  i n  4 o r  M o r e  C a s e s  
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TABLE 12. 
ANGULAR MISALIGNMENT BETWEEN REFERENCE PLANES DUE TO PSEUDO RANDOM 
I N I T I A L  MEMBER LENGTH IMPERFECTIONS. 
WITH EFFECTIVE FIXED-END MEMBER STRAIN OF STANDARD D E V I A T I O N  
1 x 
(ZERO-MEAN GAUSSIAN INPUT 
AND SEED = 325, ENSEMBLE S I Z E  = 100.) 
Ensemble S t a t i s t i c s  
Mean Angu la r  Misa l ignment  = 0.00340" (5.93 x r a d )  
Standard D e v i a t i o n  o f  Angular  M isa l i gnmen t  = 
0.002217" (3.87 x rad )  
Ensemble Maximum Value = 0.01027" (1.79 x 
Ensemble Minimum Value = 0.000107" (1.87 x 
rad )  a t  case 10 
r a d )  a t  case 78 
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Figure 1. Space Station truss model, overall view. 
60 
Figure 2. Space Station truss model, Y-Z projection. 
Figure 3. Space Station truss, X-Y projection. 
Figure 4. Space Station truss, X-Z projection. 
61 
Figure 5. Exaggerated deflections of open-ring truss model due to uniform shortening of 
outboard longerons around the perimeter of the ring; Y-Z projection. 
Figure 6. Exaggerated deflections of open-ring truss model due to uniform shortening of 
outboard longems around the perimeter of the ring; overall view. 
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Y-2 FACE LONGERON SHORTENING 
Figure 7. Exaggerated deflections of open-ring truss model due to uniform shortening of all 
longerons in the upper Y-Z face: overall view. 
Figure 8. Exaggerated deflections of open-ring truss model due to uniform shortening of all 
longerons in the upper Y-Z face; view showing surface curvature. 
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PALPREP2 P A L 2  ADCAP2 
t - l  S T A T 2  DYNA2 a 
V I E W 2  
Figure 9. Organization of programs in the MSC/pal2 software. 
Arrows indicate the order of solution. 
Figure 10. Typical deflections (exaggerated scale) due to random initial member-length 
imperfections, nverall view. 
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Figure 11. Typical deflections (exaggerated scale) due to random initial member-length 
imperfections, Y-Z projection.. 
Figure 12. Typical deflections (exaggerated scale) due to random initial member-length 
imperfections, X-2 projection.. 
Figure 13. Typical deflections (exaggerated scale) due to random initial member-length 
imperfections, X-Y projection.. 
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Plane of separation 
(ope 












Lower transverse beam 
X Comer 
Figure 15. Nomenclature used to describe different regions of the open-ring truss model. 
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mnce plane 1 
\ Reference plane 2 
Figure 16. Location of reference planes used for angular misalignment study. 
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Appendix 1 
1. L i s t i n g  o f  SPASTATZ.TXT, t h e  PAL2 model g e n e r a t i o n  f i l e  used t o  c r e a t e  
t h e  Open-Ring Truss Model d iscussed i n  S e c t i o n  3.1. 
2. L i s t i n g  o f  RANLOAD.TXT, t h e  STAT2 boundary c o n d i t i o n s  and random loads  
f i l e  used t o  c r e a t e  a s i n g l e  case o f  s t r u c t u r a l  response t o  random mem- 
b e r  l e n g t h  i m p e r f e c t i o n s  u s i n g  t h e  thermal  a n a l y s i s  c a p a b i l i t y  o f  MSCI 
p a l  2. 
A 1  
L i s t i n g  o f  SPASTAT2.TXT 
A2 
TITLE SPACE STATION TRUSS 
NODAL POINT LOCATIONS 1 
1 O,O,O THROUGH 61 0,3000,O STEP 4 
2 200,0,0 THROUGH 62 200,3000,O STEP 4 
3 200,0,200 THROUGH 63 200,3000,200 STEP 4 
4 0,0,200 THROUGH 64 0,3000,200 STEP 4 
65 200,600,400 THROUGH 101. 200,600,2200 STEP 4 
66 200,800,400 THROUGH 102 200,800,2200 STEP 4 
67 0,800,400 THROUGH 103 0,800,2200 STEP 4 
68 0,600,400 THROUGH 104 0,600,2200 STEP 4 
105 0,1000,2000 THROUGH 133 0,2400,2000 STEP 4 
106 200,1000,2000 THROUGH 134 200,2400,2000 STEP 4 
107 200,1000,2200 THROUGH 135 200,2400,2200 STEP 4 
108 0,1000,2200 THROUGH 136 0,2400,2200 STEP 4 
137 200,2200,1800 THROUGH 165 200,2200,400 STEP 4 
138 200,2400,1800 THROUGH 166 200,2400,400 STEP 4 
139 0,2400,1800 THROUGH 167 0,2400,400 STEP 4 
140 0,2200,1800 THROUGH 168 0,2200,400 STEP 4 
169 200,2200,-200 THROUGH 205 200,2200,-2000 STEP 4 
170 200,2400,-200 THROUGH 206 200,2400,-2000 STEP 4 
171 0,2400,-200 THROUGH 207 0,2400,-2000 STEP 4 
172 0,2200,-200 THROUGH 208 0,2200,-2000 STEP 4 
209 0,2000,-2000 THROUGH 237 0,600,-2000 STEP 4 
210 200,2000,-2000 THROUGH 238 200,600,-2000 STEP 4 
211 200,2000,-1800 THROUGH 239 200,600,-1800 STEP 4 
212 0,2000,-1800 THROUGH 240 0,600,-1800 STEP 4 
241 200,600,-1600 THROUGH 269 200,600,-200 STEP 4 
242 200,800,-1600 THROUGH 270 200,800,-200 STEP 4 
243 0,800,-1600 THROUGH 271 0,800,-200 STEP 4 










MATERIAL PROPERTIES 30.036,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
DO CONNECT 1,5 THROUGH 57,61 STEP 4,4 
DO CONNECT 2,6 THROUGH 58,62 STEP 4,4 
DO CONNECT 3,7 THROUGH 59,63 STEP 4,4 
DO CONNECT 4,8 THROUGH 60,64 STEP 4,4 
C . . . . . . . . . . . . . . . . . . . . .  CENTRAL TRANSVERSE BEAM . . . . . . . . . . . . . . . . . . . . . . . . . .  
C BATTENS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
DO CONNECT 1,2 THROUGH 61,62 STEP 4,4 
DO CONNECT 2,3 THROUGH 62,63 STEP 4,4 
DO CONNECT 3,4 THROUGH 63,64 STEP 4,4 
DO CONNECT 4,l THROUGH 64,61 STEP 4,4 
PRECEDING PAGE BLANK NOT FILMED 
A3 
C FACE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
DO CONNECT 1,6 THROUGH 57,62 STEP 4,4 
DO CONNECT 4,7 THROUGH 60,63 STEP 4,4 
DO CONNECT 1,8 THROUGH 57,64 STEP 4,4 
DO CONNECT 2,7 THROUGH 58,63 STEP 4,4 
C CORE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 




MATERIAL PROPERTIES 30.OE6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 15 TO 65 
CONNECT 19 TO 66 
CONNECT 20 TO 67 
CONNECT 16 TO 68 
DO CONNECT 65,69 THROUGH 97,101 STEP 4,4 
DO CONNECT 66,70 THROUGH 94,98 STEP 4,4 
DO CONNECT 67,71 THROUGH 95,99 STEP 4,4 
DO CONNECT 68,72 THROUGH 100,104 STEP 4,4 
C . . . . . . . . . . . . . . . . . . . .  UPPER STARBOARD VERTICAL BEAM ***********+********* 
C HALF-LONGERONS 
MATERIAL PROPERTIES 30.0E6,0,0,0.30,0,1,0 
BEAM TYPE 1, 0.18284 
CONNECT 98 TO 102 
CONNECT 99 TO 103 
C BATTENS 
MATERIAL PROPERTIES ~ ~ . o E ~ , o , o , o . ~ , o , ~ , o  
BEAM TYPE 1, 0.36568 
DO CONNECT 65,66 THROUGH 101,102 STEP 4,4 
DO CONNECT 66,67 THROUGH 94,95 STEP 4,4 
DO CONNECT 67,68 THROUGH 103,104 STEP 4,4 
DO CONNECT 68,65 THROUGH 104,101 STEP 4,4 
C HALF-BATTENS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.18284 
CONNECT 98 TO 99 
CONNECT 102 TO 103 
C FACE DIAGONALS 
MATERIAL PROPERTIES 30.OE6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 15 TO 66 
CONNECT 19 TO 67 
CONNECT 16 TO 67 
CONNECT 15 TO 68 
DO CONNECT 65,70 THROUGH 97,102 STEP 4,4 
DO CONNECT 66,71 THROUGH 94,99 STEP 4,4 
DO CONNECT 68,71 THROUGH 100,103 STEP 4,4 
DO CONNECT 65,72 THROUGH 97,104 STEP 4,4 
A4 
C HALF-FACE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.18284 
CONNECT 98 TO 103 
C CORE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 




MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 274 TO 105 
CONNECT 273 TO 106 
CONNECT 275 TO 107 
CONNECT 276 TO 108 
DO CONNECT 106,110 THROUGH 130,134 STEP 4,4 
DO CONNECT 107,111 THROUGH 131,135 STEP 4,4 
DO CONNECT 108,112 THROUGH 132,136 STEP 4,4 
DO CONNECT 105,109 THROUGH 129,133 STEP 4,4 
C * * * * * *a** * * * * * * * * * *  UPPER TRANSVERSE BEAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C BATTENS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
DO CONNECT 105,106 THROUGH 133,134 STEP 4,4 
DO CONNECT 106,107 THROUGH 134,135 STEP 4,4 
DO CONNECT 107,108 THROUGH 135,136 STEP 4,4 
DO CONNECT 108,105 THROUGH 136,133 STEP 4,4 
C HALF-BATTENS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.18284 
CONNECT 273 TO 274 
CONNECT 273 TO 275 
CONNECT 275 TO 276 
CONNECT 274 TO 276 
C FACE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 273 TO 107 
CONNECT 276 TO 107 
CONNECT 274 TO 108 
CONNECT 274 TO 106 
DO CONNECT 106,111 THROUGH 130,135 STEP 4,4 
DO CONNECT 108,111 THROUGH 132,135 STEP 4,4 
DO CONNECT 105,112 THROUGH 129,136 STEP 4,4 
DO CONNECT 105,110 THROUGH 129,134 STEP 4,4 
C CORE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
DO CONNECT 106,108 THROUGH 134,136 STEP 4,4 
C HALF-CORE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.18284 
A5 
C O N I ~ L ” T  2 7 3  TO 2 7 6  
C 
C . . . . . . . . . . . . . . . . . . . . .  UPPER PORT VERTICAL BEAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C LONGERONS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 130 TO 137 
CONNECT 134 TO 138 
CONNECT 133 TO 139 
CONNECT 129 TO 140 
CONNECT 165 TO 47 
CONNECT 166 TO 51 
CONNECT 167 TO 52 
CONNECT 168 TO 48 
DO CONNECT 137,141 THROUGH 161,165 STEP 4,4 
DO CONNECT 138,142 THROUGH 162,166 STEP 4,4 
DO CONNECT 139,143 THROUGH 163,167 STEP 4,4 
DO CONNECT 140,144 THROUGH 164,168 STEP 4,4 
C BATTENS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
DO CONNECT 137,138 THROUGH 165,166 STEP 4,4 
DO CONNECT 138,139 THROUGH 166,167 STEP 4,4 
DO CONNECT 139,140 THROUGH 167,168 STEP 4,4 
DO CONNECT 140,137 THROUGH 168,165 STEP 4,4 
C FACE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 47 TO 166 
CONNECT 133 TO 140 
CONNECT 48 TO 167 
CONNECT 129 TO 137 
CONNECT 47 TO 168 
CONNECT 133 TO 138 
CONNECT 51 TO 167 
DO CONNECT 134,137 THROUGH 162,165 STEP 4,4 
DO CONNECT 139,144 THROUGH 163,168 STEP 4,4 
DO CONNECT 140,141 THROUGH 164,165 STEP 4,4 
DO CONNECT 139,142 THROUGH 163,166 STEP 4,4 
C CORE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
DO CONNECT 138,140 THROUGH 166,168 STEP 4,4 
C 
C . . . . . . . . . . . . . . . . . . . . . . . .  LOWER PORT VERTICAL BEAM ****************+***++****** 
C 
C LONGERONS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 46 TO 169 
CONNECT 50 TO 170 
CONNECT 49 TO 171 
CONNECT 45 TO 172 
DO CONNECT 169,173 THROUGH 201,205 STEP 4,4 
A6 
DO CONNECT 170,174 THROUGH 202,206 STEP 4,4 
DO CONNECT 171,175 THROUGH 203,207 STEP 4,4 
DO CONNECT 172,176 THROUGH 204,208 STEP 4,4 
C BATTENS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
DO CONNECT 169,170 THROUGH 205,206 STEP 4,4 
DO CONNECT 170,171 THROUGH 206,207 STEP 4,4 
DO CONNECT 171,172 THROUGH 207,208 STEP 4,4 
DO CONNECT 172,169 THROUGH 208,205 STEP 4,4 
C FACE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 50 TO 169 
CONNECT 49 TO 172 
CONNECT 45 TO 169 
CONNECT 49 TO 170 
DO CONNECT 170,173 THROUGH 202,205 STEP 4,4 
DO CONNECT 171,176 THROUGH 203,208 STEP 4,4 
DO CONNECT 172,173 THROUGH 204,205 STEP 4,4 
DO CONNECT 171,174 THROUGH 203,206 STEP 4,4 
C CORE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 




MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 208 TO 209 
CONNECT 205 TO 210 
CONNECT 201 TO 211 
CONNECT 204 TO 212 
DO CONNECT 209,213 THROUGH 233,237 STEP 4,4 
DO CONNECT 210,214 THROUGH 234,238 STEP 4,4 
DO CONNECT 211,215 THROUGH 235,239 STEP 4,4 
DO CONNECT 212,216 THROUGH 236,240 STEP 4,4 
C . . . . . . . . . . . . . . . . . . . . . .  LOWER TRANSVERSE BEAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C BATTENS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
DO CONNECT 209,210 THROUGH 237,238 STEP 4,4 
DO CONNECT 210,211 THROUGH 238,239 STEP 4,4 
DO CONNECT 211,212 THROUGH 239,240 STEP 4,4 
DO CONNECT 212,209 THROUGH 240,237 STEP 4,4 
C FACE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 201 TO 210 
CONNECT 204 TO 209 
CONNECT 201 TO 212 
CONNECT 205 TO 209 
DO CONNECT 211,214 THROUGH 235,238 STEP 4,4 
A7 
DO CGllNECT 212,213 THROUGH 236,237 STEP 4,4 
DO CONNECT 211,216 THROUGH 235,240 STEP 4,4 
DO CONNECT 210,213 THROUGH 234,237 STEP 4,4 
C CORE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
DO CONNECT 210,212 THROUGH 238,240 STEP 4,4 
C 
C . . . . . . . . . . . . . . . . . . . . . . .  LOWER STARBOARD VERTICAL BEAM ************+********* 
C 
C LONGERONS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 239 TO 241 
CONNECT 235 TO 242 
CONNECT 236 TO 243 
CONNECT 240 TO 244 
CONNECT 13 TO 272 
CONNECT 14 TO 269 
CONNECT 18 TO 270 
CONNECT 17 TO 271 
DO CONNECT 241,245 THROUGH 265,269 STEP 4,4 
DO CONNECT 242,246 THROUGH 266,270 STEP 4,4 
DO CONNECT 243,247 THROUGH 267,271 STEP 4,4 
DO CONNECT 244,248 THROUGH 268,272 STEP 4,4 
C BATTENS 
BEAM TYPE 1, 0.36568 
DO CONNECT 241,242 THROUGH 269,270 STEP 4,4 
DO CONNECT 242,243 THROUGH 270,271 STEP 4,4 
DO CONNECT 243,244 THROUGH 271,272 STEP 4,4 
DO CONNECT 244,241 THROUGH 272,269 STEP 4,4 
MATERIAL PROPERTIES 3 0 ~ 0 E 6 , 0 , 0 ~ 0 ~ 3 ~ 0 , 1 ~ 0  
C FACE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
CONNECT 239 TO 242 
CONNECT 240 TO 243 
CONNECT 239 TO 244 
CONNECT 235 TO 243 
CONNECT 18 TO 269 
CONNECT 17 TO 272 
CONNECT 13 TO 269 
CONNECT 17 TO 270 
DO CONNECT 241,246 THROUGH 265,270 STEP 4,4 
DO CONNECT 244,247 THROUGH 268,271 STEP 4,4 
DO CONNECT 241,248 THROUGH 265,272 STEP 4,4 
DO CONNECT 242,247 THROUGH 266,271 STEP 4,4 
C CORE DIAGONALS 
MATERIAL PROPERTIES 30.0E6,0,0,0.3,0,1,0 
BEAM TYPE 1, 0.36568 
DO CONNECT 242,244 THROUGH 270,272 STEP 4,4 
END DEFINITION 
A8 
L i s t i n g  o f  RANLOAD.TXT 
A9 
DISPLACEMENTS APPLIED 1 
TA 0 103 
TY 0 102 
TZ 0 102 
TY 0 98 
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Source Code L i s t i n g  for RAN2PAL.C 
82 
/ *  RAtJ2PAL.C - This program gets random strains, either generated internally 
* or read from a previously generated and stored binary file, and 
* writes either a sequence of ASCII-form pa12 input files for 
* STAT2 for each case, or a single binary file for all cases, or 
* both. 
* Modified boundary-condition handling 6/1/88 





double stdrnd ( ) ; 
double grand() i 
void initrand(),abortscan(),genran(),getnewcase(); 
char *skipblank ( )  ; 
int outform(int),getchange(),getcase(int),getparams(FILE * ) ;  
float *elstrain; / *  Random member strains 
(These are regarded as random 
member temperature increases in 
PAL2 thermal analysis by setting 
the coefficient of thermal 







int argc ; 
char *argv[] i 
( 
long offset = OL; 
int i,j,output,ncase,newflagt 
static char infile[80],outfile[80]; 
static char filename[80],stringl[20],string2[20]; 
s t a t i c  char header(256); 
char *ptr; 
FILE *datafilel,*binfile; 
printf(ll\n\nASTRO AEROSPACE CORPORATION\nSpace Trusst1); 
printf (Iu Random Loads Analysis\n'') i 
printf ("(Richard K. Miller, April 7, 1988)\n1') ; 
printf ("(John M. Hedgepeth, April 27, 1988)\nB1) i
printf(llMSC/pal 2 Version 3 (C) Preprocessor (Thermal Analysis Version)\nI1); 
/ *  Get name of input file 
*/ 
if(argc c 2) ( 
printf("\nEnter pathname of existing or desired new input file. I f ) ;  
printf (llDefault is TRUSS.INP.\n? i 
f f lush ( stdin) ; 
gets (line) ; 
if(!strlen(line)) 
strcpy (line, llTRUSS. INP") ; 
else 
strcpy(line,argv[l]) ; 
ncase = atoi(argv[2]); 
ncase = -1; 
if(argc > 2) 
else 
if (strchr(line, I :  @ )  == NULL) ( 
getcwd (inf ile, 40) ; 





strupr (inf ile) ; 
if( (ptr = strchr(infile,'.@)) == NULL) 
else ( 
strcat (inf ile, l l .  INP") ; 
if(strcmp(ptr,ll.BIN1l) == 0) ( 
printf(11\007Cannot use .BIN for the extension to an input file." 
exit (1) ; 
Abort. \nll) ; 
1 
1 
if ( (dataf ilel = fopen ( iqf ile, llr+lt) ) )
newflag = 0; 
else ( 
if ( (datafilel = fopen(infile,llwll)) == NULL ) ( 
printf(11\007Cannot open % s  for write. Abort.\nll,infile); 
exit (1) ; 
printf ( lI\nOpening new input file %s. \n\nll, infile) ; 
1 
else 
newflag = 1; 
) 
strcpy (binname , llNONEtl) t 
strcpy(outfile,infile); 
ptr = strchr(outfile,l.l); 
*ptr = l \ O 1 ;  
/ *  Read in number of cases, mean, and std dev of member strains, as 
well as beginning seed number for random number generation. */ 
getnewcase ( ) ; 
newflag = getparams(datafile1); 





/ *  List the current values of the parameters and solicit corrections */ 
if (ncase < 0) 
while (getchange() > 0) 
newflag++; 
/ *  Open binary file for reading if not new truss example. Then skip over the 
* header 
*/ 
if(newf1ag == 0) ( 
if ( (binfile = fopen(binname,"rb")) == NULL) ( 
printf(11\007Cannot open %s for read. Do you want to continue? I t ,  
f f lush (stdin) ; 
i = getchar() ; 
if (toupper(i) != 
exit (1) ; 
else ( 







/ *  Determine what kind of output is desired 
*/ 
if(ncase >= 0) 
else 
output = -1; 
if ((output = outform(newf1ag)) >= 0 )  ( 
strcpy(binname,outfile); 
strcat (binname, l l .  BIN") ; 
if (newflag) ( 
if ((binfile = fopen(binname,l1wbv1)) == NULL) ( 
printf(1c\007Cannot open binary file for writing. Abort.\n1I) 




if(output <= 0 & &  ncase < 0) 
ncase = getcase(nfi1es); 
if(newf1ag & &  output c 0 & &  strcrnpi(binname,llNONE")) ( 
remove (binname) ; 
strcpy (binname, "NONEtt) : 
1 
/ *  Write current parameter set to buffer 
rnemset(header, '\O1,256) ; 
ptr = header: 
ptr += sprintf (ptr, ll%d\nlu, Nnodes) ; 
ptr += sprintf (ptr, l1%d\nV1, nvar) ; 
ptr += sprintf (ptr,11%3.d\n11,nfiles) ; 
ptr += sprintf (ptr,tl%lE\nlt,mean) : 
ptr += sprintf (ptr, ll%lE\nll, tolerance) ; 
ptr += sprintf (ptr,lt%lE\nll,sdev) ; 
ptr += sprintf (ptr, cc%ld\nlt, seed) ; 
*/ 
B5 
p t r  += sprintf (ptr, " % s B C  END\nbs\nii,bc,binname) : 
* lirite buffer out to parameter file 
*/ 
fseek(datafilel,offset,SEEK S E T ) ;  
fwrite(header, 1,256,datafilel) ; 
fclose (datafilel) ; 
/ *  Write header to binary file if needed 
*/ 
if(output >= 0 & &  newflag) 
fwrite(header,lr256,binfi1e); 
/ *  Allocate space for member strains 
*/ 
if((e1strain = (float *)calloc(nvar,sizeof(float))) == NULL) 





/ *  * Set pointer in random number generator if we are going to generate a new case. 
*/ 
if (newflag) 
initrand (seed) ; 
/*  Begin loop to generate cases */ 
/ *  Get random member strains 
for ( i = 0 ;  i < nfiles; i++) ( 
*/ 
if (newflag) ( 






/ *  If load files are desired open file and write displacement boundary * conditions 
*/ 
if(output <= 0 & &  (i==ncase I I ncase < 0)) ( 
if(!newflag) 
printf(tt\nReading case number %d from binary file I1,i); 
strcpy(filename,outfile); 
strcat(filename,ll.il) ; 
if (i <= 100) 
else 
strcat(filename,string2); 
sprintf (string2, 11%2.2d11, i); 
sprintf (string2, 11%3. 3d", i) ; 
if ( (datafilel = fopen(filename,I1wl1)) == NULL) ( 
) 
printf ( 11\007\n\nCannot open %s. 
exit(1) ; 
Abort\n", filename) ; 
B6 
/ *  
/ *  
fprintf(datafilel,"DISPLACEMENTS APPLIED l\n"); 
fprintf (dataf ilel, II%s\n", bc) : 
Write pa12 header before temperature increases for each member */ 
fprintf (dataf ilel, "ELEMENT TEMPERATURES l\n") ; 
Write member temperature increases in pa12 load file */ 
for( j=o; j<nvar; j++ ) ( 
1 
fprintf (datafilel,"%l2.4E %d\nI1,*(elstrain + j )  , j + l )  : 
fprintf (dataf ilel, "\nSOLVE\nQUIT\n81) ;
fclose (datafilel) ; 
) 
/ *  Write binary values in binary file if desired. 
*/ 
if(output >= 0 & &  newflag) 
fwrite(elstrain,sizeof(float),nvar,binfile) ; 
1 
if(output >= 0 & &  newflag) 
fclose(binfi1e); 
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ 




for(f1ag = 1; flag;) ( 
if (fgets(buffer,num,stream) == NULL) ( 
printf ( l8\007\nEnd of file encountered. It) ; 
exit(1) ; 
) 
for(ptr = buffer; *ptr; ptr++) 
if(!isspace(*ptr)) ( 










f f lush ( stdin) ; 
printf ("\n\tNumber of nodes in truss = I f )  ; 
scanf ( %d", &Nnodes) ; 
B7 
printf ("\n\tNumber of members in truss = I , )  : 
scanf ( I'%d", &nvar) ; 
printf ("\n\tNumber of files to generate = I , )  ; 
scanf ( It%dt', &nf iles) ; 
printf ("\n\tMean strain = 'I) ; 
scanf (tt%lflt,&mean) ; 
printf(Il\tStandard deviation of untruncated distribution = 
scanf (tl%lftl,&sdev) ; 
printf("\n\tMaximum strain deviation from mean = I t ) ;  
scanf ( lf%lffl, &tolerance) ; 
" ) ;  
printf ("\n\tBeginning number (seed) for random number generation = I t )  ; 
scanf ( "%ld", &seed) ; 
printf("\n\n\tEnter displacement boundary conditions to use It 
*bc = I \ O 1 ;  
f f lush (stdin) ; 
"in STAT2. \n\tEnd with blank line. \rill) : 
while(1) ( 
gets (line) ; 
if(!strlen(line)) 
strcat (line, tt\nll) ; 




. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ 




ptr = skipblank(line,8l,file); 
if (sscanf (ptr, I1%dl*, &Nnodes) ! = 1) 
abortscan ( ttNumber of nodestt) :
ptr = skipblank(line,8l,file) : 
if (sscanf (ptr, It%dn, &nvar) != 1) 
abortscan ( tlNumber of memberstt) ;
ptr = skipblank(line,8l,file): 
if (sscanf (ptr, lt%dlt, &nf iles) ! = 1) 
abortscan ( IINumber of files") ; 
ptr = skipblank(line,81, file) ; 
if (sscanf (ptr,I1%lft1,&mean) != 1) 
abortscan ( "Mean strain") : 
ptr 3: skipblank(line,8l,file); 
if (sscanf (ptr,It%lftt, &tolerance) != 1) 
abortscan ( ttDistribution type") : 
ptr = skipblank(line,8l,file); 
if (sscanf (ptr,lv%lflt,&sdev) != 1) 
abortscan (@@Strain deviationtt) :
ptr = skipblank(line,8l,file); 
if (sscanf (ptr, I1%ldtt, &seed) ! = 1) 
88 
abortscan ("Seed number") ; 
*bc = I\O1; 
while(1) ( 
ptr = skipblank(line,8l,file); 
if ( ! strcmpi (ptr, "BC END\n") ) 
strcat (bc, line) ; 
break; 
1 
ptr = skipblank(line,80,file); 
if (sscanf (ptr, l l % s l l ,  binname) ! = 1) 
if (strcmpi (binname, llNONE1l) ) 
else 
abortscan ("Binary file name") : 
return 0 ;  
return 1; 
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  






if((factor = tolerance/(sqrt(2.)*sdev)) > 10) 
else if(factor > .01) 
else 
sigma = 1. : 
sigma = 1. - 2.*factor*exp(-factor*factor)/(sqrt(PI)*erf(factor)); 
sigma = 2.*factor*factor/3.; 
sigma = sdev*sqrt(sigma); 
printf("\n\tParameter values to be used are as follows:\ntg); 
printf(ll\n\t 1. Number of files to generate = %d\nll,nfiles); 
printf ("\t 2 .  Mean member strain = %le\n",mean) : 
printf("\t 3. Standard deviation of truncated distribution = %le\n", 
sdev) ; 
printf("\t 4 .  Maximum deviation of strain from mean = %le\n1I,tolerance): 
printf ("\t\t (Actual standard deviation = %le) \n", sigma) i 
printf ("\t 5 .  Random number seed = %1d\nv1,seed) ;
printf ("\t 6 .  Number of nodes in truss = %d\ntl,Nnodes) :
printf ("\t 7 .  Number of members in truss = %d\n",nvar) ; 
printf("\t 8 .  Displacement boundary conditions are:\n\n"); 
for(ptr = bc, i = 1; *ptrt ptr++) ( 
if(i) ( 
printf (II\t I * )  : 
i = 0 ;  
1 
putchar ( (int) *ptr) ; 
if(*ptr == l\n@) 
i = 1; 
1 
B9 
printf("\n\tEnter item number for corrections to data above\n"); 
printf ( I1\t (Zero for no further corrections) ? I t )  : 
f f lush (stdin) ; 
while(1) ( 
gets(1ine) ; 
if (strlen(1ine) == 0) ( 
i = 0 ;  
break; 
1 
if (sscanf (line,tl%dtl,&i) == 
if(i c 9 & &  i >= 0) 
putchar ( \007 ) ; 
break; 
1 
putchar ( \n ) ; 
switch(i) ( 
case 1: 
printf ( "\tnf iles = %d\n\tnew value = I), nf iles) ; 
f f lush (stdin) ; 
scanf ( l*%dlt, &nf iles) ; 
while(nfi1es > 1000 1 1  nfiles c 1) ( 
printf ( l1\0O7\nValue must be in range (1, 1000) . I * )  ; 
printf ( I 9  Enter again. 'I) ; 




printf ("\tmean = %lf\n\tnew value = ",mean) ; 
f f lush (stdin) ; 
scanf ( &mean) ; 
break; 
case 3 :  
printf (*@\tsdev = %lf\n\tnew value = ",sdev) ; 
f f lush (stdin) ; 
scanf ( ll%le@t, &sdev) ; 
break; 
case 4 :  
printf(I1\ttolerance = %lf\n\tnew value = ",tolerance); 
f f lush (stdin) ; 
scanf ( *1%let9, &tolerance) ; 
break: 
case 5 :  
printf ("\tseed = %ld\n\tnew value = It, seed) ; 
f f lush (stdin) ; 
scanf ( tl%ldlt, &seed) ; 
break; 
case 6 :  
printf ("\tNnodes = %d\n\tnew value = ll,Nnodes) ;
f f lush (stdin) ; 





printf ("\tnvar = %d\n\tnew value = ' I ,  nvar) : 
f f lush (stdin) ; 
scanf ( ll%dll, &nvar) ; 
break; 
case 8 :  
printf(Il\n\n\tEnter displacement boundary conditions to use 
*bc = l \ O I :  
f f lush (stdin) ; 
"in STAT2. \n\tEnd with blank line. \n(l) ; 
while(1) ( 
gets (line) : 
if(!strlen(line)) 










. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ 
void abortscan(char *string) 
( 
printf ( 11\007\nFailed input 
exit (1) : 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
int outf o m  (int flag) 
( 
*/ 






%s. \n", string) i 
. . . . . . . . . . . . . . . . . . . . .  
printf(ll\n\nA previously generated binary file of random values 
printf(llSeparate pa12 load files will be written.\n\n"): 
return (-1) ; 
printf (tl\n\nThis is a new case. It 
printf(I1If you want to write separate pa12 load files, enter A .  \n") 
printf("1f you want to write only a compressed binary file, It 
printf(Il1f you want to write both types of files, 11 
llwill be used. \nl') ; 
1 
else ( 
"New random values will be generated. \n\nl') : 
"enter B. \nit) : 
"enter C. \ntl) ;
1 
printf ( ? 1,) ; 
f f lush ( stdin) : 
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for(chr=O; ;p~tchar(~\007')) ( 
chr = toupper(getchar0); 
if(chr >= ' A 1  & &  chr <= I C ' )  
1 
return (-1) ; 
return (1) ; 
return (0) ; 
break; 
if(chr == ' A t )  
else if(chr == 8 B t )  
else 
i I 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ 
int getcase(int N) 
( 
int ncase ; 
char buffer[lO]; 
printf ("\nWhat is the desired case number (0,1,. . . , %d) ?\ntt,N-l) ;
printf("Enter a negative number if all cases are desired. ? l l ) ;  
ff lush (stdin) ; 
while(1) ( 
gets (buf fer) : 
if (sscanf (buffer," %dtt,&ncase) == 1) 
break; 
putchar ( \007 ) ; 
) 
I return ncase; 
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
void genran(array,mean,tolerance,sdev,nvar) 
/ *  This subroutine generates an array of nvar independent 
*/ 
* random member strains with a truncated normal distribution. The 
* mean value ltmeanlt, standard deviation ttsdevtt, and maximum 
* This is accomplished by calls to the C-Language subroutines 
* grand(), and initrand() which are listed below. 




int nvar ; 
int i,prtcaset 
double p,r,factor,sqrt2,ratio; 
prtcase = 25; 
sqrt2 = sqrt(2.) i 
ratio = tolerance/(sqrt2*sdev); 
factor = erf(ratio); 
printf ( It Completed element 1") : 
B12 
for ( i = O ;  i < nvar; i++ ) { 
r = 1.0 - 2.0 * grand(); 
if(ratio < 0.01) 
else 
p = r; 
p = sqrt2*inv_erf(factor*r); 
array[i] = (float)(mean + sdev * p); 
if ( i % prtcase == (prtcase - 1) I I i == ( nvar - 1 ) ) 
printf ( I1\b\b\b\b\b%5. d" , i+l) ; 
) 
print f ( It \t \ t \ t \ t \t \ t \ t \t \rI1 ) ; 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ 
/ *  G F U N D l .  C Random number generator based on the msc library 
* functions l9randt1 and "srand" . 
*/ 
#include <scitech.h> 
double grand ( ) ; 
int rand() ; 
void srand ( )  ; 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
void initrand(seed) 
long seed; 
srand (seed) : 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
double grand ( ) 
double x; 
int n; 
double divisor = 32768.0; 
n = rand(); 
while ( n c 1 1 1  n > 32767 ) ( 
) 
n = rand(); 
x = n; 
B13 
~~ 
return ( x / d i v i s o r )  ; 
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B14 
Source Code Listing f o r  PAL2BIN.C 
B15 
/ *  PAL2BIN.C - Reads pa12 displacement and stress output files and w r i t e s  
* pertinent quantities for trusses in binary files. Each binary 
* file has a 256-byte header in ASCII form which contains vital 
* data. The displacement or stress data follow as streams of 
* four-byte float quantities. The first group in the case of 
* displacements contains the coordinates of the truss nodes. 








int gettask( ) : 
void initbin(),extract(),fillarray(); 
char *skipcomment ( )  ; 
main(argc,argv) 
int argc : 
char *argv[]; 
( 
/ *  Declaration of variables */ 
int i,ncases,Nnodes,Nstrut,Ncase,Ncomp,option: 
long offset; 
static char binname[80],pal2name[80]: 
FILE *binfile,*pal2file; 
headbuff = (char *)malloc(256*sizeof(char)); 
Ncase = 0 ;  
ncases = 0 ;  
/ *  Print header, then obtain information on file to be compressed * and rewritten. 
*/ 
printf ("\nASTRO AEROSPACE CORPORATION\ntl) ;
printf("Pal2 Data Output Compressor and Expander for Trusses\nfl); 
printf (##(Richard K. Miller, April 21, 1988)\naa) :
printf ("(John M. Hedgepeth, April 29, 1988)\n") : 
if (argc == 4 )  ( 
ncases = 1; 
option = # A @ ;  
strcpy(binname,argv[2]): 
strupr (binname) ; 
strcpy(pal2name,argv[3]): 
strupr (pal2name) ; 
if((datatype = toupper((int)*argv[l])) != ID' & &  datatype != IS1) ( 
printf(1~\007\nUnacceptable command line. Do you want to continue 
f f lush (stdin) ; 
if(toupper(getche()) != lY,) 
"with dialog input? I t ) ;  
exit (1) ; 
B16 
else ( 





if ( !ncases) ( 
if((option = gettask(binname)) == )I1) ( 
) 
initbin (binname) ; 
exit (0) ; 
if(option == @A@) ( 
printf (!@\nPathname of pa12 data file? I@) ;
f f lush (stdin) ; 
gets (pal2name) ; 
strupr (pal2name) ; 
printf (@@\tNumber of cases in this file? I@) : 
while (scanf ( I@ %d", Cncases) ! = 1) ; 
1 
1 
if ( (binfile = fopen(binname,l@rb+ll)) == NULL) ( 
printf(1@\007\nCannot open %s for read. Abort.\n!@,binname); 
exit (1) ; 
1 
fread(headbuff,sizeof(char),256,binfile); 
sscanf(headbuff,@! %d %d %d@@,&Nnodes,&Nstrut,&Ncase); 
if(datatype == @St) 
Ncomp = Nstrut; 
Ncomp = 3*Nnodes; 
printf("\007\nCannot allocate space for data array. Abort.\nI1); 
exit (1) ; 
else 
if((datarray = (float *)calloc(Ncomp,sizeof(float))) == NULL) ( 
1 
if(option == @ E @ )  ( 
1 
extract (binf ile) ; 
exit ( 0 )  ; 
if ((pal2file = f0pen(pal2name,@@r@~)) == NULL) ( 
1 
printf (@@\007\nCannot open file %s for read. Abort. \n",pal2name) ; 
exit (1) t 
f seek (binf ile, OL, SEEK-END) ; 
/ *  Read input displacements from PAL-generated file 
*/ 





/ *  Rewrite header with new Ncase 
*/ 
Ncase += ncases; 
sprintf (headbuf f, "%d\n%d\n%3. d" , Nnodes, Nstrut, Ncase) ; 
i = strlen (headbuf f) ; 
"(headbuff + i) = #\n1; 
fseek(binfile,OL,SEEK-SET); 
fwrite (headbuf f, sizeof (char) ,256, binfile) ; 
fclose(binfi1e); 
fclose(pal2file) ; 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
int gettask(char *name) 
( 
*/ 
int chr ; 
f f lush (stdin) ; 
printf(ll\n\nSelect one of each of the following options:\n\nll); 
printf ("Enter i: to initialize the binary storage file. \n") ; 
printf ( 1 1  a: to add output from a pa12 data file.\n1I); 
printf ( l1 e: to extract an ASCII file for a particular case.\nI1); 
p r i n t f  ( It? 'I) ; 
while((chr = toupper(fgetc(stdin))) != '1' & &  chr != 'A' & &  chr != *El) 
putchar ( \007 ) ; 
printf("\n\nEnter d: 
printf ( s :  to deal with strut stresses.\nll); 
printf ((I? ; 
f f lush (stdin) ; 
while((datatype = toupper(fgetc(stdin))) != 'Do & &  datatype != I S 1 )  
to deal with nodal displacements.\ntl); 
putchar ( \007 ) ; 
f f lush (stdin) ; 
if (chr == @I1) (
) 
else ( 
printf("\n\nWhat is the ASCII-form configuration file with extension 
I). INP?\nl*) ; 
printf("\n\nWhat is the binary data file with extension #I ) ;  
else 
if(datatype == ID#) 
printf ( I 1 .  DIS?\n") ; 
printf ( I 1 .  STR?\n") ; 
1 
printf (##Pathname = ; 




. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
void initbin(char *name) 
( 




F I L E  *nfile; 
if( (nfile = fopen(name,"r")) == NULL) ( 
printf(11\007\nCannot open input file % s  for read. Abort.\nfl,name); 
exit (1) ; 
I 
length = filelength(fileno(nfi1e)); 
if ((buffer = (char *)malloc(length)) == NULL) ( 
printf(I1\007\nCannot allocate space for input parameter buffer.\n"); 
exit (1) ; 
I 
fread(buffer,sizeof(char),length,nfile); 
fclose (nf ile) ; 
memmove(headbuff,buffer,256); 
s scan f (buffer , %d %d %dtl ,& i , & j , &Ncase ) i 
Ncase = 0; 
sprintf (buffer, I1%d\n%d\n%3. d\nll, i, j , Ncase) ; 
i = strlen(buffer) i 
memmove(headbuff,buffer,i); 
if((ptr = strchr(name,'.')) != NULL) 
*ptr = I \ O 1 ;  
strcat (name, DIS" ) ; 
strcat (name, STR" ) ; 
printf(**\007\nFile %s already exists. Do you want to write over it? I' 
f f lush (stdin) ; 
f close (nf ile) ; 
if(toupper(getche()) != lY1) 
if(datatype == ID*) 
else 
if((nfi1e = fopen(name,11r81)) != NULL) ( 
, name) ; 
exit (1) i 
1 
if ( (nf ile = fopen (name, trwbl l )  ) == NULL) ( 
printf ( 11\007\nCannot open % s  for write. Abort. \n", name) ; 
exit (1) ; 
I 
fwrite(headbuff,sizeof(char),256,nfile); 
fclose (nf ile) ; 
exit ( 0 )  ; 
I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  






long o f f s e t ;  
f l o a t  x,y,z,*ptr; 
static char line[80]; 
FILE *outfile; 
sscanf (headbuf f , I1 %d %d %d" , &Nnodes, &Nstrut , &Ncase) ; 
printf('I\nThere are %d cases available. 
f f lush (stdin) ; 
while(1) ( 
"What case is to be extracted? (O,l, . . . , %d) ",Ncase,Ncase - 1) ; 
gets (line) ; 
if (sscanf (line, %d", &n) ! = 1) 
n = -1; 
if(n < 0 ) I  n >= Ncase) 




printf ( I1\n\nEnter pathname of output file. 
gets (line) ; 
strupr (line) ; 
if ( (outfile = fopen(line,llwii) ) == NULL) ( 
?It) ; 
printf(11\007\nCannot open % s  for write. 
exit (1) : 
Abort.\nVt,line); 
1 
offset  = 256L; 
if(datatype == ID1) 
Ncomp = 3*Nnodes: 
else 
Ncomp = Nstrut; 
offset += (long)n*Ncomp*sizeof(float); 
fseek(binfile,offset,SEEK SET): 
i f ( f r e a d ( d a t a r r a y , s i z e o f ( f l o a t ) , N c o m p , b i n f i l e )  != Ncomp) 
fclose(binfi1e); 
prir1tf(~~\007\nWARNING: Binary file read incorrect.\n\nii); 
ptr = datarray; 
if(datatype == IDt) ( 
fprintf (outfile,Il 
fprintf(outfile,"\n\n Node 
TRUSS DISPLACEMENT COMPONENTS FOR CASE %d\nI1, 
n) ; 
z\n\nV1) ;X Y 
for(i=l; i <= Nnodes; i++) ( 
x = *ptr++; 
y = *ptr++: 
z = *ptr++; 





TRUSS STRUT STRESSES FOR CASE %d\n",n) ; 
Stress \n \n I1 ) : 
B20 
for(i=l; i <= Nstrut; i++) ( 
x = *ptr++; 
fprintf (outfile,11%4.d %11.3E\n1#, i,x) ; 
1 
1 
fclose ( o u t f  ile) ; 
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  






sscanf (headbuf f , If %d %dtl, &Nnodes, &Nstrut) ; 
ptr = datarray; 
if(datatype == ID1) ( 
memset((void *)datarray, 1\01,3*Nnodes*sizeof(float)); 
n = 1; 
while(n <= Nnodes) ( 
pline = skipcomment(line,pal2file); 
if (strlen(p1ine) < 10) ; 
else ( 
if (strchr(pline, la1) != NULL) ; 
else ( 
sscanf(pline,lt %d %f %f %fll,&i,&x,&y,&z) ;
if(i < n) ( 
printf("\007\npa12 file has unusual node order at node" 
exit (1) ; 
printf ("pa12 file missing data for node %d. \n", n) : 
ptr += 3 ;  
n++ ; 
*ptr++ = x; 
*ptr++ = y ;  
*ptr++ = z ;  
n++ ; 
It %d. Abort.\n",n) : 
) 




n = 1; 
while(n <= Nstrut) ( 
else ( 
pline = ~kipcomment(line~pal2file); 
if (strlen(p1ine) < 10) i 
else ( 
if (strchr(pline, la1) != NULL) ; 
else ( 
sscanf (plineIt1 %d %f %fll,&i,&x,&y) ; 
if (fabs(y) > fabs(x)) 
if(i < n) ( 
x = y; 
B21 
p~-intf(~~\007\npa12 file has unusual number order a t  I t  
exit (1) ; 
"strut %d. Abort .  \ n t t ,  
1 
while(i > n) ( 
printf ("pa12 file missing data for strut %d. \n" , n) ; 
*ptr++ = 0 ;  
n++ : 
1 







. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  




while(fgets(line,80,infile) != NULL) ( 
ptr = line: 
while(isspace((chr = (int)*ptr))) 









printf(@'\007\nError in reading pa12 file. Abort.\n"); 
exit (1) : 
1 
i 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ 
B22 
Source Code L i s t i n g  f o r  B1NSTAT.C 
823 
/ *  This program reads a BINary PAL output displacement or stress file and 
* computes various statistics on the results for multiple load 
* cases. 
* (Richard K. Miller, May 2, 1988) 
* John M. Hedgepeth 5/ 12/88 
* 7/ 16/88 
*/ 
I #include<scitech.h> 
l int display ( ) : 
void exam-disp(int,int, FILE *),exam-stress(int,int,FILE * ) ;  
main ( ) 
( 





I while((f1ag = display(&binfile)) != I Q 1 )  ( 
/ *  Read header out of binary file 
*/ 
fread(header,sizeof(char),256,binfile); 
if(sscanf(header,lu %d %d %d %1E %1E %1E %u1@,&Nnodes,&Nelements, 
&Ncases,&mean,&cutoff,&sdev,&seed) != 7) ( 
printf ( t1\007\n\tCouldn1 t read 7 fields from header buffer. Abort. \n"  
exit (1) : 
1 
/ *  Print out data read from header 
*/ 
printf(lI\n\nParameter values pertinent to this set of I t ) ;  
if(f1ag == ID1) 
else 
printf ("data: \n\nll) ; 
printf (Itdisplacement : 
printf ( Itstress (I) : 
printf ( @@\tNnodes = %d\n", Nnodes) : 
printf ( "\tNstruts = %d\n", Nelements) : 
printf ( ll\tNcases = %d\n\nI1, Ncases) ; 
printf ("\tMean member strain = %1E\nIt,mean) ; 
printf(*I\tStandard deviation of Gaussian distribution = %1E\n1I,sdev); 
printf(Il\tCutoff deviation of strain from mean = %lE\n", cutoff) ; 
printf ("\n\tSeed = %u\n", seed) : 
if(f1ag == ID1) 
else 
















printf("\n\n\tStatistical Analysis Postprocessor\n") ; 
printf ( ll\t ASTRO AEROSPACE CORPORATION\nV1) :
printf ( ll\t July 18 I 1988\n\n11) :
while(1) ( 
printf(l#\nEnter 'd1 to examine displacements.\nt1); 
printf s to examine stresses. \rill) : 
printf ( 'ql  to exit examination.\n? : 
f f lush (stdin) : 
flag = toupper(getchar()); 
while(f1ag == 'D1 1 1  flag == I S 1 )  ( 
Open BINary file for reading 
printf ( ll\n\nEnter name of binary 1 1 )  : 
printf ( llDISplacement 1 1 )  : 
else 
printf ( lISTRess : 
printf (llstorage file to be read.\n? ; 
f f lush (stdin) : 
gets (name) : 
strupr (name) : 
if ( (*pbinf ile = fopen(name, l1rbl1) ) == NULL ) 
else 
if(f1ag == ID#) 
printf(1@\007\nCannot open %s for binary read. 
break: 
1 






Try again. \n" , narc 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ 







/ *  Allocate array space 
B25 
*/ 
if ((datarray = (float *)calloc(3*Nnodes,sizeof (float) ) ) == NULL) 
printf(1'\007\nCannot allocate space for data array. 




ytest = lyl; 
while( ytest == 'y' ) ( 
while(1) ( 
printf("\nEnter node number for displacements to be scanned.\n"); 
printf ("Enter 'X I  to exit. \n? II) ; 
gets (line) ; 
if (tolower( (int) *line) == 'XI) ( 
1 
if (sscanf (line, %d", &n) ! = 1) 
n = 0; 
if(n > 0 & &  n <= Nnodes) 
break; 
else 
putchar ( \007 ) ; 
ytest = In'; 
break; 
1 
if(ytest == Int) 
break; 
xmax = 0; 
xmin = 0 ;  
ymax = 0; 
p i n  = 0 ;  
zmax = 0; 
zmin = 0 ;  
nxmax = 0; 
nxmin = 0; 
nymax = 0; 
nymin = 0; 
nzmax = 0; 
nzmin = 0; 
xsum = 0; 
ysum = 0; 
zsum = 0; 
xsq = 0; 
ysq = 0; 
zsq = 0 ;  
fseek(binfile, 256L, SEEK-SET); 
for ( i = 1; i <= Ncases; i++ ) { 
fread(datarray,sizeof(float),3*Nnodes,binfile); 
fptr = datarray + 3*(n - 1); 
x = *fptr++; 
y = *fptr++; 
z = *fptr; 
xsum += x; 
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ysum += y; 
zsum += z ;  
xsq += x*x; 
ysq += y*y; 
zsq += z*z; 
if( x > xmax 1 ( 
xmax = x; 
nxmax = i; 
) 
if( x < xmin ) ( 
xmin = x; 
nxmin = i; 
1 
if( Y > ymax 1 ( 
ymax = y; 
nymax = i; 
1 
if( y < ymin ) ( 
ymin = y~ 
nymin = 1; 
1 
if( z > zmax ) ( 
zmax = z; 
nzmax = i; 
if( z < zmin ) ( 
zmin = z; 
nzmin = i; 
1 
xsum /= Ncases; 
ysum /= Ncases; 
zsum /= Ncases; 
xsq = sqrt((xsq - Ncases*xsum*xsum)/(Ncases - 1)); 
ysq = Sqrt((ySq - Ncases*ysum*ysum)/(Ncases - 1)); 
zsq = sqrt((zsq - Ncases*zsum*zsum)/(Ncases - 1)); 
/*  Print out results of scan 
*/ 
printf("\n\tFor node number %d, a scan of %d cases reveals -\n", 
printf ("\n\t\tX-direction results: \ntt) ;
printf("\t\t\tmean = %12.4e\n\t\t\tsigma = %12.4e\nt~,xsum,xsq); 
printf("\t\t\tmax,min = %12.4el %12.4e (at case = %d, %d)\n", 
printf ("\n\t\tY-direction results: \n") ; 
printf(''\t\t\tmean = %12,4e\n\t\t\tsigma = %12.4e\nt1,ysum,ysq); 
printf("\t\t\tmax,min = %12.4e, %12.4e (at case = %d, %d)\ntl, 
n, Ncases) ; 
xmax, xmin, nxmax, nxmin) ; 
ymax, ymin, nymax, nymin) ; 
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printf ("\n\t\tZ-direction results: \ntt) ; 
printf("\t\t\tmean = %12.4e\n\t\t\tsigma = %12.4e\n11,zsum,zsq); 
printf(It\t\t\tmax,min = %12.4e, %12.4e (at case = %d, %d)\n\n\n", 
zmax,zmin,nzmax,nzmin); 
1 
free (datarray) ; 
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ 







ytest = l y l ;  
printf("\nEnter any key to scan data file for strut stresses... 8 1 ) ;  
getch ( 1  ; 
printf (I1\nWorking.. . ; 
nmaxarray = (int *)calloc(Ncases,sizeof(int)); 
maxarray = (float *)calloc(Ncases,sizeof(float)); 
meanarray = (float *)calloc(Ncases,sizeof(float)); 
nnsarray = (float *)calloc(Ncases,sizeof(float)); 
if((datarray = (float *)calloc(Nstrut,sizeof(float))) == NULL) ( 
1 
printf('1\007\nCannot allocate space for data array. 
exit (1) ; 
Abort.\n"); 
for(n-0; n<Ncases; n++) ( 
fread(datarray,sizeof(float),Nstrut,binfile); 
fptr = datarray; 
smax = 0; 
smin = 0 ;  
ssum = 0 ;  
ssq = 0; 
for(i=O; i<Nstrut; i++) ( 
stress = *fptr++; 
if(stress > smax) ( 
smax = stress; 
nmax = i+i; 
) 
if(stress < smin) ( 
smin = stress; 
nmin = i+i; 
) 
ssum += stress; 
ssq += stress*stress; 
1 
ssq -= ssum*ssum/Nstrut; 
* (nnsarray + n) = sqrt (ssq/ (Nstrut - 1) ) ; 
*(meanarray + n) = ssum/Nstrut; 
if(smax > -smin) ( 
1 
* (maxarray + n) = fabs (smax) ; 
*(nmaxarray + n) = nmax; 
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else ( 
*(maxarray + n) = fabs(smin) ; 
*(nmaxarray + n) = nmin; 
1 
1 
smax = 0 ;  
ssum = 0; 
ssq = 0; 
for(n=O; n<Ncases; n++) { 
stress = *(maxarray + n); 
ssum += stress; 
ssq += stress*stress; 
if(stress > smax) ( 
smax = stress; 
nmax = n; 
i = *(nmaxarray + n) i 
1 
1 
ssq -= ssum*ssum/Ncases; 
ssum /= Ncases; 
ssq = sqrt (ssq /  (Ncases - 1) ) ; 
printf("\nA scan over all %d cases shows that:\nI1,Ncases); 
printf("\tThe average of the maximum stresses for each case = %12.41E.\n1@, 
printf(I1\tThe standard deviation of these maximum stresses = %12.41E.\ng1, 
printf("\tThe global maximum value of the maximum stresses = %12.41E.\nI1, 
printf("\t and occurs at strut %d for case %d.\n\nlI,i,nmax + 1); 




printf(lI\nEnter case number for more information. (1,2,... %d) \n", 
printf ("or enter 'XI to exit.\n? 1 1 )  ; 
gets (line) ; 
if (tolower ( (int) *line) == 8x1) 
Ncases) ; 
break; 
if (sscanf (line, I1 %dl1, &n) == 1) ( 
if(n > 0 & &  n <= Ncases) ( 
printf ( "\n\nFor case %d: \nut ,n) ; 
printf ("\tAverage stress = %12.41E.\ng1,*(meanarray + n - 1)) 
printf("\tStandard deviation = %12.41E.\nt1,*(rmsarray + n - 1)); 
printf ("\tMaxirnum stress = %12.41E.\n",*(maxarray + n - 1) ) ; 
printf ("\t at strut number %d.\n\n", *(nmaxarray + n - 1) ) ; 





putchar ( \007 ) ; 
1 
free (datarray) ; 
free (meanarray) ; 
free (maxarray) ; 
free (nmaxarray) ; 
free ( rmsarray) ; 
1 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*/ 
/ *  Read in nodal coordinates 
*/ 
/ *  offset = 256 * sizeof(char); 
fseek(binfile,offset,SEEK-SET) ; 
for( i = 0; i < Nnodes; i++ ) ( 
fread(&xtemp,sizeof (float) ,l,binfile) i 
fread(&ytemp,sizeof(float),l,binfile); 
fread(&ztemp,sizeof(float),l,binfile); 
xc[i] = xtemp; 
yc[i] = ytemp; 
zc[i] = ztemp; 
Print nodal coordinate values 
printf ("\n\tNODAL COORDINATES\nll) ; 
for ( i = 0; i c Nnodes; i++ ) ( 
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The r e p o r t  conta ins q u a n t i t a t i v e  eva lua t ions  o f  the  s t r u c t u r a l  loads, s t i f f n e s s  
and d e f l e c t i o n s  o f  an example Space S ta t i on  t russ  due t o  a v a r i e t y  o f  in f luences,  
i n c l u d i n g  manufacturing to lerances,  assembly operations, and opera t iona l  loading.  
The example t r u s s  i s  a dual-keel design composed o f  5-meter-cube modules. The 
t russ  i s  21 modules h i g h  and 9 modules wide, w i t h  a t r ansve rse  beam 15 modules long.  
One problem o f  concern i s  the amount o f  mismatch which w i l l  be expected when the  
t russ  i s  be ing erec ted  on o r b i t .  Worst-case thermal load ing  r e s u l t s  i n  l e s s  than 
0.5 i nch  o f  mismatch. The s t i f f n e s s  o f  t he  i n t e r f a c e  i s  shown t o  be l ess  than 100 
pounds per  inch.  Thus, o n l y  moderate loads w i l l  be requ i red  t o  overcome the  mis- 
match. 
